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uses a Coleman Spectrophotometer 


51 parallel lines in a space only seven-tenths of an inch 


sent fing... the heart of every Coleman Spectrophotometer 
po . . the diffraction grating is your key to simplified 
alytical technics. 

t-up. 

_ he diffraction grating spectrophotometer produces an 
ie. distorted spectrum with all colors distributed in true 


sefui 0PO'tion. Its light beam has the same width at all 
Avelengths. Color can be selected with a single dial. 
here 5 no need to compensate for spectrum aberrations. 
easi-ements are therefore exactly reproducible and 
hni s are simplified accordingly. 


€ \olumes of analytical methods that have been 


developed and published, with direct reference to Coleman 
Spectrophotometers demonstrate its recognition and use 
by the highest authorities in this field. One of these has 
written of the Universal (Model 14)... 


“It’s the ‘Work-Horse’ of our laboratory. We have 
a number of analytical instruments, but it is the 
Model 14 that really carries our load. It’s working 
all day, every day and it turns out more and 
better work than any other instrument we have.” 


Write for complete information 
Dept. B, Coleman Instruments, Inc. 
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now have this New and Improved Acid-Tite Closure 


Now for your additional convenience and safety, Baker 
Acetic, Hydrochloric, Nitric, Perchloric and Sulfuric Acids, 
and Ammonium Hydroxide are packaged with the revolu- 
tionary new double-seal polyethylene gasket. 


Look at the cutaway diagrams in the black panel. Note 
how the flexible polyethylene gasket conforms both to the 
specially designed bottle flange and the’side wall, as the 
cap is screwed tight. Note that it provides a double-seal. 


Polyethylene is chemically inert. It does not shred or con- 
taminate bottle contents. It can be molded to the exact 
shape required for a tight seal. It retains its form, and will 
function properly at all temperatures. 


These five Baker Acids and Ammonium Hydroxide are 
each color-coded to provide greater efficiency in your labo- 
ratory and stockroom. Each closure and label is identified 
by a definite color. This is an extra safeguard against error 
in your selection of the proper Acid, and helps avoid con- 
tamination of the Acid due to closure substitution. 


Specify Baker Acids and Ammonium Hydroxide and get 
the improved double-seal Acid-Tite Closure, with color- 
coding. The list of chemicals packaged with this improved 
closure is shown at the left. Order from your favorite labo- 
ratory supply house. J. T: Baker Chemical Co., Executive 
Offices and Plant, Phillipsburg, New Jersey. 


Baker Chemicals 


REAGENT FINE INDUSTRIAL 


370 0 > 


"a2 0 


> 
Polyethylene 
= 
PI 
Hi 
Cc. 
Setter 
: 


Published by the” 
DIVISION OF <@ Inorganic Polymerization Reactions, Earle S. Scott and L. F. Audrieth........ 168 
‘lomers of Octahedral Complexes with Nonbranching Ligands, Russell F. 
| The Italian Chemical Literature, Leo J. 180 
A. B. Garrett Chairman Calculating the Concentrations of the Species Present in Complex Buffers, Edward 
G. W. Smith Secretary 
F.B.Dutton | The Allotropy of Sulfur: A Demonstration, S. B. 187 
Gerhard Domagk and Chemotherapy, Ralph E. Oesper..................... 188 
ye nese ar ag Solution to a Problem on the Energies of Molecules, Emil J. Slowinski, Jr....... 191 
Phyllis Grant =» Asst. to the Ed. # Policies on Chemistry De: t Fees, Douglas G. Nicholson.............. 192 
‘ cies on Chemistry Department Fees, Douglas 
C. 8. A New Bridge Circuit for Conductometric Titrations, Harry J. Svec............ 193 
BOARD OF PUBLICATION 4 Institutional Influences in Undergraduate Training of Ph.D. Chemists, B. R. 
G. W. Smith A. B. Garrett 
M. Kekulés Theory of Aromaticity, Alexander Gero... . 201 
F. B. Dutton P. W. West 
austiioan sbrs088 Some Errors in Radiation Counting, John D. Tomlinson...................... 203 
William E. Cadbury, dr. f 
Solubility of Silver Salts in Aqua Ammonia, Clyde R. Johnson................ 205 
Haverford, Pennsylvania 
Laurence S. Foster Berzeli Pi Atomic Weight Chemist, William Marshall MacNevin.... 207 
Watertown Arsenal, Massachusetts 
W. F. Kieffer 210 
College of Wooster 
Kenneth - oo Report of the New England Association of Chemistry Teachers 
rr Ion-exchange Chromatography for High-school Students, William Rieman, III 212 
Henry M. Leicester 
College of Physicians and Surgeons 
of San Frencieco Editor's Outlook. ................ 167 Recent Books... 219 
Ralph E. Oesper 
University of Cincinnati Out of the Editor's Basket......... 33 Frontispiece—F. E. C. Scheffer 29 
G. Ross Robertson 
Letters to the 916... 46 
B. D. VanEvera 
De. 
Elbert C. Weaver 
Phillips Academy 
Andover, Mass. 
; Canada 
20th and Northampton Street single copies, one dollar. Foreign remittances must ied by Int al Money r. 
Ni of journals lot nthe mails can be allowed unles uch clame are receied 
(60) days of the date of issue and no ci for issues lost as a result cient notice of 
Manuscripts for publication should be directed to the Prospective authors are 
Sori: Institution a) on of the as | ner, 1924, at 
ee on ceaes vided for in Section 1103, Act of Oct. 3, 1917, Jan. 31, 1924. 
Chemical Ed 
and the of the Pacific South iis ind d in the 


Proceedings 
Education Index, Industrial Arts Index, and, in part, in the Quarterly Cumulati 


Copyright, 1954, by Division of Chemical Education, American Chemical Society 


= 
| 
j 


PRadio Activity Demonstrator 
in a Complete Package §& 


The CLASSMASTER 
in 4 
A versatile kit for the presentation of radioactivity 3 
educational institutions. 4 
The Classmaster kit with its comprehensive ner — 3 
nual permits modern educators to i 
of the principles of radio activity; in vad 
accurate instrument acquaints the 
dent with the basic techniques of ra chemistry. vi 5 
J-4750 Classmaster Kit 
Complete with calibrated mount, electronic demonstra ; 


dsorbers, Geiger counter and comprehen- 
manva 


$149.50 


LABLINE ELECTRONIC LABLINE 
RELAY ROTA-SET 
CONTROL BOX THERMOREGULATOR 
companion control unit to ; 
LABLINE —THERMOREGULA- of the sets the — 


TOR. Mounts anywhere. Con- | 
No. J-5768—4 ft. Cord. 
Lenath 15”. Range—37° to 
fight, switch, etc... $60.00 °F 


PYRODISC by Lindberg THREE-STEP CONTROL 

Low Lag thermostat reduces lag or 
overshoot. Longer life element ACIDS 
52 square inches of fast even heat. ow 


i 
8 inch dia. 750° F. in 35 minutes. 350° F. 500° F. 700° 


115 Volt A.C., 660 watt. _ No. J-H2880...... $15.85 
ali 

No. J-H3295.......... $25.00 pad included with 
STEPLESS BIMETALLIC 
THERMOSTAT CONTROLLED 
MODEL 1900 by Temco lab 
Extreme sensitivity controls tem- your 

ix inch square aluminum surface provide 
plate. strong, long-lasting sup- 
115 Volt A.C., 660 Watt. port for your equip- 
No. J-H3235.......... $19.75 ment. 


FREE! Send for this complete 12 page fully illustrated 
catalog today! Virtually an encyclopedia of clamps. 


er& 


* 159.W. KINZIE STREET © CHICAGO 10, ILLINOIS 


JOURNAL OF CHEMICAL EDUCATION, APRIL, 1% 


3 
7 
‘a 
4 
q 
= 


F. E. C. Scheffer 
(See page 210) 


» 
. 

ee 
3 
‘ 


COMPLETELY 
REVISED = 
840 

PAGES LISTING 
NEW AND 


IMPROVED 
EQUIPMENT FOR 


SCIENCE 
LABORATORIES 


PHYSICS 
CHEMISTRY 
BIOLOGY 

AND 
GENERAL SCIENCE 


Initial Printing Limited 


Write for your copy today! 


Many new and interesting items are included in the 


more than 10,000 listings in this handsome new indul, 
fight : 


book. There are also included many 


theore 


improved designs of standard 
laboratory equipment. 


BE SURE TO GET YOUR COPY. 


JOURNAL OF CHEMICAL EDUCATION, APRIL, 19% 


Here 1s the verv thing we wantlh 
= 
> to o 
Biteni « 
But 
whicl 
rounc 
| 
We 
Joven 
30 


I suppose we all enjoy occasionally telling our troubles 
to our friends. In this regard—as in most others— 
editors are no different from other people. Our con- 
sciences bother us and we lie awake nights thinking 
about our principal problem, the choice of the material 
which we accept for publication. 

The problem is particularly difficult in this case be- 
cause of the impossibility of setting exact limits to the 
field of chemical education. We proceed on the policy 
that it includes not only teaching methods but the con- 
In making this decision we 


Bient of teaching as well. 
seem to open up the whole realm of chemistry itself. 
But we must try to choose that kind of chemistry 
which is truly informative, or educative—whatever that 


Hmay mean. Though we may seem to have circled 
round to a point close to where we started, still I think 
we have made some forward progress. 

§ We have no responsibility for original chemical re- 
search in the usual sense, save for that in the teaching of 
§chemistry and in the history of chemistry—two fields 
to which we owe a special allegiance. We cannot 
indulge in polemicals, for our pages are not the place to 
fight scientific battles. The hardest choices pertain to 
theoretical discussions, some of which are undoubtedly 


chemical education and others certainly theoretical re- 
search. Each of these must be considered on its own 
merits and accepted or turned away depending upon 
whether or not it is sufficiently interesting to someone. 
But to whom? 

The editor cannot shirk his responsibilities in this 
regard. Though he may depend upon his referees for 
advice, his is the final decision. There is a temptation 
to be dogmatic; on the other hand, a consciousness of 
his own shortcomings may lead him to be less critical 
than he should. Personally, I have found great encour- 
agement and reassurance in the remarks of a more 
experienced editor, Robert D. Paine, managing editor 
of Fortune, recently quoted in the EdPress News Letter: 


Your guess, my guess as to what the reader will read is better 
than all the surveys ever run. What are people interested in? 
What’s on their minds? 

The editor’s answer should be, in our opinion: People will be 
interested in what I am interested in. What people have on 
their minds is pretty much what I have on my mind. 

That may sound presumptuous, but it isn’t. An editor, by 
instinct and training, is curious about many things. He has to 
be sensitive to what’s concerning other people. If he’s not deal- 
ing with straight news, he has to think in terms of the future. 
And the future is where surveys shed no light, The editorhas to 
operate in large degree by instinct, intuition, hunch, and luck. 
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° INORGANIC POLYMERIZATION REACTIONS' 


Aurnoven polymerization phenomena are most gener- 
ally associated with organic chemical processes, there are 
many instances where simple inorganic substances 
may be converted from smaller molecular or ionic 
units into larger aggregates. It is recognized, of course, 
that many naturally occurring substances such as 
silica and the silicate minerals are highly polymeric 
in character, and that the glassy state may be regarded 
as a polymeric state of matter. However, emphasis 
has been placed on the structures of these materials 
rather than upon mechanisms whereby attainment of 
the final state can be achieved. Structural stereo- 
chemical concepts depending upon such parameters 
as size-charge relationships and coordination number 
have been developed and applied to such inorganic 
polymers. These same structural ideas may be used 
advantageously in their application to an understanding 
of the mechanism of inorganic polymerization reactions. 

Four distinct classes of inorganic polymerization 
reactions may be recognized. As is true in organic 
chemistry, polymerization may occur with or without 
the elimination of small molecules such as water. 

I. Condensation polymerization in aqueous solu- 
tion. 

(A) Cationic aggregation: the formation of poly- 
cations by a process involving essentially elimination 
of water by the condensation of hydroxo complexes. 
Cationic aggregation is favored by the addition of base 
and leads to the eventual precipitation of hydroxides 
or hydrous oxides. 

(B) Anionic aggregation: the formation of poly- 
anions by a process which may entail the elimination 
of water from protonated anions. Anionic aggre- 
gation is favored by the addition of acid and depends 
upon the pH of the solution. Such anionic aggregation 
may lead to the precipitation of nonmetallic oxides 
or hydrated acidic oxides. 

II. Condensation polymerization at elevated tem- 
peratures and under ansolvous conditions. 

(A) Cationic aggregation: the formation, at higher 
temperatures in the absence of solvent, of so-called 
basic salts (and eventually of polymeric oxides) 
from hydrated salts, by the elimination of water and/ 
or of other acidic components. 


1 Presented at the Symposium on “Recent Advances in In- 
organic Chemistry,” held under the auspices of the Division of 
Chemical Education at the 124th Meeting of the American 
Chemical Society, Chicago, September, 1953. 


EARLE S. SCOTT 

University of California, Berkeley, California 
L. F. AUDRIETH 

University of Illinois, Urbana, Illinois 


(B) Anionic aggregation: dehydration polymeriza- 
tion to yield polyanionic aggregates whose size (ionic 
weight) depends both upon the potential acidity of the 
simple anion and upon the temperature at which 
aggregation is carried out. Such polymerization at 
higher temperatures may be induced by the presence 
of other proton donors or Lewis acids. 

III. Molecular polymerization covering formation 
of polymers in which the monomeric unit represents 
the repeating unit. 

(A) Association through hydrogen bonding in the 
liquid state or in an inert solvent. 

(B) Polymerization of substances which are either 
unsaturated in character or which presumably de- 
compose or dissociate into unsaturated fragments 
(radicals) in an intermediate. temperature range, and 
subsequently undergo stabilization through formation 
of larger aggregates. 

IV. Disproportionation polymerization. This type 
of reaction is applied specifically to polyphosphate 
systems in which some intermediate polyphosphate 
undergoes thermal rearrangement with formation of 
both larger and smaller molecular units. 


CATIONIC AGGREGATION 


It has long been recognized that the formation of 
hydroxides of metals, such as iron, chromium, alumi- 
num, and the like, cannot be represented by the simple 
equation 


M+? + 30H~ = M(OH); 


The complexity of solutions obtained on addition of 
base to the metal ion prior to precipitation may be 
assumed to be due to the formation of cationic aggre- 
gates in which the coordinate linkage plays an impor- 
tant part initially. In developing a mechanism for 
the process of cationic aggregation, it is helpful and 
convenient to apply to such phenomena the Bronsted 
concept which defines an acid as any ion or molecule 
capable of releasing the proton. Metallic ions which 
are highly hydrated in solution represent such cation 
acids. The higher the charge on the metal ion and 
the smaller its size, the stronger an acid will be the 
corresponding hydrated cation. From this point of 


view, hydrated ions, such as those of iron(III), chro-} 


mium(III), aluminum(III), and cobalt(III), may be 
regarded as acids since the following equilibrium is 
established in solution: 
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M(H,0).** + H,O M(H,0)(OH)*+* + H;O* 
Hexaquometallate Hydroxopentaquometallate 
ion ion 


The equilibrium is displaced to the right by the addi- 
tion of base, resulting in an increased concentration of 
an ion which may formally be designated as a hy- 
droxoaquometallate complex. In the case of chro- 
mium, up to one mole of base per mole of metal ion may 
be added before precipitation takes place. Larger 
and larger particles are formed as the pH is raised; 
the nature of the ionic species present in such solutions 
changes rather profoundly on addition of base. 

Aggregation may be assumed to take place through 
two consecutive processes, according to Stiasny (/, 2), 
the first of which involves olation and the formation 
of relatively unstable bridged hydroxo complexes, 
followed by a second step referred to as oxolation in 
which dehydration takes place with the formation of 
oxo bridges and of aggregates which are relatively 
more stable and less readily depolymerized. The for- 
mation of “oxo” bonds during aggregation in solution 
is open to criticism, but does suggest a possible reason 
for the lesser reactivity of the resulting systems on 
aging. 

OH 


(H,0 wor 


HO 
BY u—hy droxo—complex 


2(Cr(OH)(H.O);]++ ——> +4 ete. 


— H:0 


u—oxo—complex 


The phenomena which lead to the formation of 
“hydroxide” precipitates have been studied exten- 
sively by colloid chemists; the formation of poly- 
cationic chromium complexes has been investigated 
particularly by leather chemists. It is significant 
that only those solutions in which there is present a 
polycationic chromium ion are capable of exerting a 
tanning effect upon hide material. 

Many interesting observations can be explained by 
assuming such cationic aggregation: 

(1) Precipitated hydroxides always contain an 
appreciable amount of the anion which was originally 
present in the solution. 

(2) Such occluded anions can be removed, by 
washing, in the order anticipated from their coordi- 
nation tendencies. Thomas and Whitehead (2) have 
done a considerable amount of work to show that the 
anion effects are related to the tendency of the anion to 
coordinate with the metal ion. The ease of washing 
out the anion from the precipitated hydroxide is in- 
versely related to its tendency to coordinate as indi- 
cated by the order 


oxalate < citrate < sulfate < chloride < nitrate 


(3) In the case of chromium, the tendency to under- 
go olation, that is, to form stable cationic complexes, 
increases with the concentration of the chromium ion. 


(4) Solutions do not immediately attain a stable 
state on the addition of base. The phenomenon of 
aging is characteristic for many so-called colloidal 
solutions of hydrous oxides. 

(5) Temperature also affects the rate at which 
olation takes place. Higher temperatures facilitate 
the establishment of an equilibrium condition and also 
shift the equilibrium position as is evidenced by the 
change in pH on heating and the reattainment of an 
equilibrium value on cooling. 

(6) Neutral salts seem to be effective in terms of 
the ease with which the anion of such added salt is 
itself coordinated. Sodium sulfate therefore increases 
olation, whereas sodium chloride exerts a much smaller 
effect. The dispersion of a solid hydroxide is also re- 
lated to the tendency of the acid anion to coordinate. 


ANIONIC AGGREGATION 


The formation of polyanionic aggregates, such as 
is involved in the preparation of the iso- and heteropoly 
acids, may be regarded as a neutralization reaction in 
which a simpler unit, acting as a base, presumably 
adds a proton to yield a protonated species which 
is then unstable with respect to the aggregate formed 
by the elimination of water. Such an aggregation 
process can be represented by the following equations: 


xO,-- + H+ HXO,- 
2HXO,- — H,O + X,0,-- 


However, an over-all equation can obviously be written 
which takes into account the factual chemistry of the 
process of aggregation, but which makes no assump- 
tions with respect to the intermediate formation of a 
protonated species: 

2X0,-- + 2H*— X.0,-- + HO 


That water is lost is apparent, not only from the nature 
of the products isolated from the more acidic solutions, 
but also from the fact that consumption of protons 
takes place in the formation of such species. Aggre- 
gation reactions of this kind have been subjected to 
experimental study by Jander and Brintzinger by 
determination of the diffusion coefficients of solution 
containing molybdenum(VI), tungsten(VI), tin(IV), 
and vanadium(V) as a function of added hydrogen ion. 

Such measurements demonstrate that the aggre- 
gation patterns of anions which form polymerized 
aggregates vary considerably with the nature of the 
materials used (4). As the pH is lowered, that is, 
as the solution becomes more acid, orthomolybdate is 
believed to condense to form ions containing 3, 6, 12, 
and 24 molybdenum atoms. Such a polymerization 
is believed to entail interionic dehydration and may be 
represented, according to Jander, by the following 
series of equations: 


6Mo0,-~ + 4H*+ + 
2(Mo;0n)~* + 3H*+ = [HMo.On)-* + 
+ 3H* = + 
+ H* = + 4H,0 


| (1) 
(2) 
(3) 
(4) 
(5) 
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Tungstates, on the other hand, appear to form only 
two stable anions, that is, WO,-? and W,O2.~*. Tran- 
sition from the simpler orthotungstate to the more 
complex polytungstate occurs over a range of two pH 
units. It is probable that intermediate aggregates 
exist, but no one ionic species is sufficiently stable 
to be detected by diffusion measurements. Aggre- 
gation in the vanadate system is again different. The 
experimental evidence can best be interpreted by 
assuming that polymeric complexes form containing 
2, 4, 5, and 8 vanadium atoms. No individual ionic 
species can be identified in the stannate system. Here 
the diffusion coefficient drops along a smooth curve 
indicating gradual or continuous rather than stepwise 
aggregation. In all of these instances aggregation of 
anionic species becomes more profound as the pH of the 
solution is lowered until eventually the polymeric 
complex becomes so large that it precipitates from the 
solution in the form of a hydrous acidic oxide. In 
some instances this so-called isoelectric point is well 
defined. In other cases precipitation from solution 
takes place over a pH range as the solution is allowed 
to stand. 

The results of such diffusion experiments have aided 
qualitatively in clarifying the picture of anionic aggre- 
gation in solution. The method is subject, however, 
to some severe limitations. Analogies between various 
anions can be drawn only in very general terms. Ionic 
weights cannot be determined accurately. Ions exist- 
ing in solution do not necessarily correspond in struc- 
ture or in composition with the crystalline products 
isolated from such solutions, since changes in the degree 
of aggregation occuring during the isolation or crystal- 
lization procedure cannot be followed experimentally. 
The diffusion method,? furthermore, does not differen- 
tiate between protonated and nonprotonated ions 
of the same degree of aggregation. 

Conductometric titrations have also been found 
to be (6) useful. Such work has been carried out in 
the instance of the molybdates, tungstates, and vana- 
dates. A plot depicting the change of pH with respect 
to added hydrogen ion reveals changes in slope in the 
resulting curves corresponding either to the aggre- 
gation or protonation reactions assumed to occur on 
the basis of diffusion experiments. The breaks in the 
curves occur sharply at the ratios predicted from the 
diffusion experiments. 

Of great practical value and profound theoretical 
interest are the aggregation reactions which occur 
when silicic acid or polysilicates are formed. A low 
molecular weight silicic acid can be obtained by rapid 


2 Recently ultracentrifugation of solutions containing hetero- 
poly acids has been carried out on a limited number of materi- 
als (5). Not enough has been done to constitute a check of the 
diffusion experiments but further work along this line may well 
furnish a great deal of information concerning the degree of ag- 
gregation attainable in solutions of both polyanionic and poly- 
cationic complexes. 
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mixing of sodium silicate solutions with the requisite 
amount of acid so that the pH of the resulting mixture 
is somewhere in the neighborhood of three. This 
solution is stable, however, for only a relatively short 
period of time. As such a solution stands, aggregation 
takes place presumably by a process of dehydration 
in which ever larger chains, rings, or units of polysilicic 
acid are formed. For such dehydration to occur, it is 
obvious that molecules of silicic acid must approach 
éach other. The elementary process may be regarded 
as one involving hydrogen bonding initially, followed 
by the splitting out of water to give an Si-O-Si linkage. 
That such a mechanism is not unreasonable is evident 


| 


from the fact that certain hydrogen bonding agents 
may be added to stabilize low molecular weight silicic 
acid solutions. If the approach of simple silicic acid 
molecules is prevented either by dilution, or by blocking 
off reactive hydroxyl groups by addition of hydrogen 
bonding agents, then aggregation cannot take place.* 

Most of the aggregation changes leading to poly- 
anionic complexes are reversible. Addition of base 
brings about depolymerization so that only the simplest 
ionic species are stable in the alkaline range. Iso- 
and heteropoly acids are depolymerized to monomeric 
ionic components in alkaline solution; the observed 
phenomena can best be illustrated by reference to 
the chromate-dichromate equilibrium which is displaced 
to the chromate state when the solutions are made 
alkaline. 


HIGH-TEMPERATURE REACTIONS 


Cationic Aggregation. The formation of certain 
basic salts from hydrated salts may be considered to 
proceed in a manner similar to the formation of hy- 
droxides in solution. The picture is less clear re- 
garding basic salt formation largely because such 
phenomena have thus far not been accorded the careful 
study which they require and deserve. One of the 
most difficult problems in the whole field of synthetic 
inorganic chemistry is to prevent formation of basic 
salts in those instances where the preparation of an- 
hydrous halides is attempted by dehydration of hy- 
drates which crystallize from aqueous solution. This 
tendency is accentuated as the cationic charge becomes 
greater. The volatility of the hydrogen acid is also a 
factor which cannot be overlooked. Elimination of 
acid and of water results in the formation of aggrezates 
containing oxo-linkages approaching the oxides in 
composition. 

Anionic Aggregation. Particular reference can be 
made here to the polyphosphates which are formed 


3 Recent work by Thilo (7) has shown that so-called water 
glass solutions, regardless of the ratio of Na,O to SiOz, contain 
no polymerized species, and that in such solutions of high pH 
only the orthosilicate ion is present. 
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by the thermal dehydration of the “acid’”’ phosphates. 
In these instances the protonated ions are stable at 
ordinary temperatures, but their stability decreases 
with rise in temperature. Water is eliminated with 
the formation of more stable polyanionic species. 
These reactions have often been spoken of as “mo- 
lecular’ dehydration procedures, but they may also 
be regarded as condensation reactions brought about 
by the acidic nature of the reactants. The hydrogen 
phosphate ions are potential proton donors and hence 
acids in the Brénsted sense. However, such aggre- 
gation reactions may also be induced in the instance 
of nonprotonated species by both protonic and nonpro- 
tonic acids. 

The extent of aggregation is definitely dependent 
upon the potential acidity of a system as is evident 
from the following series of equations (8): 


4 
2Na,HPO, — NasP:O; + 


+ NaH.PO, NasP3016 + 
(4H* + 3PO,-3 — + 2 H,O). . 1.33 


A 
NaH,PO, — (NaPO;), where = 3, 4, and x 
(2H* + PO,-* — PO;- + 


(3) 
2.00 


No solvent is employed, yet the “acid’”’ anions which 
participate in these reactions correspond to the pro- 
tonated anions which are postulated as intermediates 
by Jander for the molybdate, tungstate, and vanadate 
systems, and which are also believed to exist when 
chromate ion undergoes aggregation in more acid 
medium to di-, tri-, and tetrachromate.‘ 

The aggregation of phosphates by nonprotonic acids 
cannot be viewed in this way and is therefore of par- 
ticular interest. Sulfur trioxide reacts with potassium 
pyrophosphate to displace phosphorus(V) oxide ac- 
cording to the equation 


K,P,0; + 6SO; — + P20; 


Sulfur trioxide is a nonprotonic Lewis acid (an anti- 
base, according to Bjerrum). This reaction is in some 
respects analogous to the precipitation of tungsten 
(VI) oxide from an aqueous tungstate solution by the 
addition of acid. Both potassium dichromate and 
potassium hydrogen sulfate will convert trisodium 
orthophosphate to pyrophosphate at higher tem- 
peratures. It may be assumed that the dichromate 
ion as an acid is depolymerized by orthophosphate, 
which in turn undergoes polymerization to the diphos- 


phate stage. 


‘It is interesting in this connection to point out that aggrega- 
tion reactions of the hydrogen phosphates apparently do not 
occur in aqueous solution. Actually the reverse processes take 
place since all polyphosphates to some extent undergo depoly- 
merization in aqueous systems, especially as the temperature is 
The so-called “hexametaphosphate,” for instance, has 
been shown to be-a-highly polymerized aggregate in-which-the 


average ionic molecular weight of the polymetaphosphate ion is 
somewhere in the neighborhood of ten thousand. It is conceiv- 
able that the solvent water behaves as a base compared with 


polymetaphosphate ions and therefore induces depolymerization. 
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+ — 2CrO,-— + P. 


Since the essential chemistry of these processes 
involves transfer of the oxide ion, it is appropriate in 
these instances to apply the Lux-Flood proposal (see 
later), as suggested by O. F. Hill (8). Half-reactions 
can be written for each of the individual steps based 
upon the definition represented schematically as 


Base = Acid + O-- 
2P0,-3 — P.O,-* + O-- 


~H,O — 2H* + O-- 


The experimental evidence developed by Hill in his 
study of such nonsolvent aggregation reactions at 
higher temperatures makes it possible to set up a quali- 
tative order of “acid strengths’’: 


H+ > SO; > Cr.0,-- > P.O, 


Base strengths of the oxide ion donors under the given 
experimental conditions follow the order 


H,O < Cr0,-~ < 80.-- < PO,-3 


Potassium hydrogen sulfate will convert trisodium 
orthophosphate to pyrophosphate at higher tempera- 
tures. Here it may be assumed that the Brénsted 
acid, the hydrogen sulfate ion, brings about such aggre- 
gation. It is interesting in this connection to point out 
that sodium hydrogen sulfate, when allowed to react 
with disodium hydrogen phosphate at a temperature 
around 200 degrees centigrade, converts the latter 
to disodium dihydrogen pyrophosphate. Reference 
should also be made to the fact that ammonium nitrate, 


2NaHSQ, + 2Na:zHPO, — 2NaSO, + Na:H2P,0; + H,O 


serving as a source of the ammoniated proton, will, on 
fusion, bring about conversion of disodium monohy- 
drogen orthophosphate to the corresponding trimeta- 
phosphate; if disodium monohydrogen orthophosphate 
is heated by itself, aggregation proceeds only to the 
sodium pyrophosphate (9). 


+ 3NHy* — NasP;0, + + 3H,0 


NazHPO, — Na,P20; + 


(1) 
(2) 

Corresponding reactions of -have 
also been shown to take place in suth high-tempera- 
ture systems. If aggregation to the polymetaphos- 
phate stage or “phosphate glass” is brought about by 
protonic and nonprotonic acids, then depolymerization 
should naturally be caused to take place by use of non- 
solvent type bases. Fusion of.basic oxides with poly- 


“metaphosphates produces. pyro- and orthophosphates. 


In other words, the aggregate is broken down into 
smaller units. This reaction has long been known, 
since it has been used in the qualitative detection of 
various metallic oxides, by what is known as the micro- 
cosmic bead test. Fusion of sodium polymetaphos- 
phate with sodium sulfide causes a similar degradation 
to take place with the formation of monothio-ortho- 
phosphate. Perhaps the most effective depolymeriz- 


| 
2CrO,.-- Cr,0;-~ + O-- 
s0,-~ SO; + Ore 
Ratio 
1.00 
(2) 
| | 
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ing agent is the fluoride ion; fusion of sodium poly- 
metaphosphate with fluoride results in depolymeri- 
zation to the monofluophosphate stage. These so- 
called anionic bases do bring about depolymerization 
of polyanionic aggregates in nonsolvent systems by 
reactions which are strictly analogous to those occur- 
ring when polychromates, polymolybdates, and the 
like undergo reversion in solution to the simpler ionic 
species when base is added. 


NaPO; + MeO — MeNaPQ, (or NazMeP,0;) 
NaPO; + NaS Na;PO;S 
NaPO; + NaF — Na.PO;F 


It would seem that the opening up of silica by fusion 
with alkali and alkaline earth carbonates such as is 
practiced in the manufacture of glasses, might also be 
interpreted as an example of extensive depolymeriza- 
tion brought about by reaction with a basic constituent. 
It may seem to be an oversimplification in these 
particular cases to apply the Lewis concept, especially 
since highly polymerized acidic oxides cannot formally 
be regarded as electron-deficient monomers. It is here 
that the Lux-Flood proposal can again be applied to 
advantage. Just as acid-base relationships in aqueous 
systems can be considered from the Brénsted point 
of view to involve proton transfer, so can acid-base 
relationships be defined in high-temperature nonsolvent 
oxide systems, as involving transfer of an oxide ion from 
one state of polarization to another. The Brénsted 
concept defines an acid as a proton donor. The Lux- 
Flood concept defines a base as an oxide ion donor and 
any material which is potentially acidic in character as 
an oxide ion acceptor. In so far as depolymerization 
reactions are concerned, the application of this concept 
to such polyanionic complexes or high molecular weight 
acidic oxides is outlined by Flood in the statement, 
‘the transition of a polyacid to its corresponding base 
consists in the breaking of an oxygen bridge and the 
simultaneous binding of an oxygen atom. The acid- 
base reaction is thus connected with a disintegration 
of the macro-molecular structure.” 


MOLECULAR POLYMERIZATION 


Hydrogen Bonding. Only brief reference need be 
made here to association through hydrogen bonding 
in the liquid state or in inert solvents. The unusual 
properties of such molecular species as water, hydrogen 
fluoride, and ammonia, all of which are characterized 
by anomalous properties when compared with the other 
hydrides of their respective groups, result from dipole 
orientation of the molecules with formation of aggre- 
gates in the liquid state. The extent of aggregation 
is reduced as the temperature is raised. The very 
fact that all of these substances have abnormally high 
melting and boiling points and extraordinarily high 
heats of vaporization points to some interaction between 
the molecules in the liquid state. Vapor-density 
measurements of hydrogen fluoride at temperatures 
within 10 to 15 degrees above the normal boiling point 
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indicate that some aggregation occurs even in the 
vapor state. 

Certain substances aggregate through hydrogen 
bonding even in solution. This is particularly true, 
as has been shown by Latimer and Rodebush, of car- 
boxylic acids which are dimeric in such hydrocarbon 
solvents as benzene. 

Sulfur. One of the most interesting examples of 
teat among inorganic materials is to be 
ound in the instance of sulfur. The viscous, colored 
form of sulfur consists of chains of sulfur atoms. Plas- 
tic sulfur, Su, obtained by quenching this product, 
shows elastic properties characteristic of such chain 
structures and, on being stretched, reveals an X-ray 
pattern similar to that of stretched rubber. 

This peculiar behavior of liquid sulfur has caused it 
to be the subject of numerous investigations, the re- 
sults of which are not always in agreement. The 
careful investigation made by Bacon and Fanelli (70) 
of the viscosity of highly purified sulfur and the effect 
of added impurities on the viscosity greatly clarifies 
the picture and resolves many of the discrepancies 
evident in earlier investigations. 

Their results show that the viscosity of pure sulfur 
is a function only of the temperature and that at a 
given temperature the viscosity will have the same 
value regardless of the previous treatment of the sample 
or the rate of heating or cooling. The viscosity of 
liquid sulfur decreases slightly from the melting point 
up to 157°C., then rises very rapidly to a maximum 
value at about 186-188°C. The viscosity then de- 
creases with increasing temperature up to the boiling 
point. The addition of iodine, bromine, chlorine, 
hydrogen sulfide, or a material from which sulfur can 
abstract hydrogen to form hydrogen sulfide (organic 
compounds, NH;, and amines) results in a marked 
decrease in the maximum viscosity obtained and causes 
this maximum to occur at a higher temperature. When 
present in sufficient amounts these materials may 
prevent the sharp increase in viscosity and give rise 
to a mobile melt throughout the entire liquid range. 
Oxygen, sulfur trioxide, and fluorine, on the other 
hand, have been shown to have almost no effect upon 
the viscosity of sulfur. 

Bacon and Fanelli interpret their results as indicating 
that liquid sulfur exists as small molecular species such 
as Ss—the structure of solid sulfur—up to about 157°C. 
Above this temperature the Ss rings open, forming 
di-free radicals which then polymerize to larger aggre- 
gates, causing the marked increase in viscosity. (Their 
paper should be consulted for the previous postulation 
of and evidence for such polymerization.) This poly- 
merization continues up to about 187°C., after which 
the polymeric chains cleave and the viscosity drops. 
The substances which cause the marked reduction 
in the viscosity of liquid sulfur do so by acting as ter- 
minating groups in the sulfur chains, thereby pre- 
venting the formation of large polymers. 

Gee (11) has recently carried out thermodynamic 
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calculations on the liquid sulfur system and has shown 
that the viscosity data of Bacon and Fanelli can be 
explained by assuming an equilibrium between the 
cyclic Ss molecule and a polymeric species 8, where z 
is variable. He was able to reproduce the viscosity 
curve quite accurately and was also able to account 
for the very rapid polymerization between 157° and 
160°C. As a result of these calculations, he estimates 
the maximum chain length to be of the order of 10° 
sulfur atoms. 

Phosphonitrilic Chlorides. The phosphonitrilic chlo- 
rides are prepared by the partial ammonolysis of phos- 
phorus pentachloride, the best results being obtained 
when ammonium chloride is used. A mixture of 

PCI, + NH,Cl + 
homologous products is obtained. Two crystalline 
products have been isolated and identified as a cyclic 
trimer and tetramer, respectively. An oily residue is 
also formed from which Stokes isolated fractions to 
which he assigned the formulas (PNCl), where x 
is equal to 5, 6, and 7. The residue is represented as 
(PNCle)11. 


Cl, Cl,P—N=PCl, 
N N 
\ 
N _to, 
N 
Trimer 
m. p. 114° 


The exact nature of these oils has never been deter- 
mined. Although Stokes’ analyses check very well 
for (PNCl:),, it would seem that these lower PNC!, 
polymers must be stabilized by end groups of some 
kind since the oily homologues presumably consist of 
repeating 


Cl 
1 


units. These oils are not as stable to heat as are the 
cyclic compounds. Even at room temperature the 
oily residues remaining after removal of the crystalline 
products will gradually gel to sticky; rubbery masses. 

Bulk polymerization of either the trimer or tetramer 
by heating for five hours at 250° yields oils and waxes; 
at 300-50° the so-called “inorganic rubber” is pro- 
duced (12). The latter contains only limited amounts 
of benzene-soluble, low molecular weight material. 
Polymerization of the trimer or tetramer has also been 
carried out in various solvents at temperatures between 
270-330°C. Such studies using carbon tetrachloride 
have shown (a) that polymerization occurs only in the 
presence of oxygen, (b) that the rate of polymerization 
is a function of the oxygen concentration, and (c) that 
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molecular weights of the insoluble products depend 
upon a variety of factors, but approximate polymers 
with an average degree of polymerization involving 
approximately 300 PNCI, units. Oxygen is assumed 
to act as a radical former bringing about ring rupture, 
the subsequent aggregation process resembling in 
many respects a vinyl type polymerization. Products 
obtained by bulk polymerization are believed to have 
a higher average degree of polymerization, values 
varying from 37,000 to 78,000 having been reported 
for the average molecular weights of some of the “in- 
organic rubbers.” The polymerization process ap- 
pears to be a reversible reaction. If condensation is 
carried out in the vapor phase at 600° an equilibrium 
mixture of oils, waxes, trimer, and tetramer is ob- 
tained (13). The addition of trimer to this system 
causes the anticipated shift in the concentrations of 
these fractions. The fact that the inorganic rubber 
always contains some trimer and crystallizes on long 
standing supports this point of view. Depolymeri- 
zation is not a clearly defined process in the case of 
PNCl, polymers; the partially fluorinated polymer 
depolymerizes readily to the tetramer. 

Above 350°C., the inorganic rubber depolymerizes 
to yield the lower homologues, principally the trimer. 
If a sample of the rubber is heated in a vacuum, no 
residue is left. Slow heating of the polymer at atmos- 
pheric pressure to red heat, however, produces a brittle 
mass which does not change on further heating. The 
nature of this material has not been determined, nor is 
it stated whether it can be made to produce PNCl, on 
heating in a vacuum. 

X-ray studies of inorganic rubber show it to have 
a random arrangement when not under stress but 
to consist of oriented fibers when stretched. The 
polymer has elastic properties similar to those of rubber, 
as can be demonstrated by the similarity of the torsion- 
temperature curves for both materials. 

The chlorine atoms in PNCl are active and may 
be replaced by a variety of functional groups including 
OH, NHR, OR or OAr, CeH;, NRe, and RS groups 
either prior to or after polymerization. Recent ex- 
periments have been carried out using negatively 
substituted phenols and acetanilides to produce 
substituted PN polymers. In most cases a brittle 
thermoplastic resin is obtained. These resins may be 
colored, depending on the nature of the substituted 
group. 

The lowest stable form of PNCl, is the trimer, yet 
a monomeric form is apparently stabilized by coordi- 
nation with tertiary amines to form compounds of 
the type PNCl,-2NR;. These compounds are ex- 
tremely reactive, as might be expected. The forma- 
tion of such compounds may lend credence to the state- 
ment that dioxane, another coordinating agent, facili- 
tates the depolymerization of the inorganic rubber. 

Sulfur Trioxide. Sulfur trioxide exists in the vapor 
state chiefly as the monomer, which is represented as 
a planar molecule. Vapor density measurements indi- 
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cate that only a very small degree of aggregation occurs. 
Raman spectra and electron diffraction patterns indi- 
cate that liquid sulfur trioxide consists of a mixture 
of the monomer and a cyclic trimer with possibly some 
chain polymers such as occur in f-sulfur trioxide. 
Equilibrium is established rapidly in the liquid, which 
is therefore the same regardless of the solid form from 
which it is obtained. 


= 


od | 


Trimer 


Monomer 


Solid sulfur trioxide exists in three forms, each of 
which is a mixture of various sulfur trioxide aggregates, 
some in equilibrium (/4, 16, 16). Sulfur trioxide 
samples may be prepared with physical properties 
varying between rather wide extremes. 

“Tce-like’”’ or y-sulfur trioxide has a melting point 
of 16.8°C. and is obtained by crystallization of liquid 
sulfur trioxide. Like the liquid, y-sulfur trioxide is 
believed to be a mixture of the monomer and cyclic 
trimer. 

The high-melting asbestos form, or a-sulfur trioxide, 
melts at 62.3°C. It is prepared by condensing sulfur 
trioxide vapor at liquid air temperatures and subse- 
quently removing the more volatile fractions by dis- 
tillation. It is thermodynamically the most stable 
form of SOs, as is indicated by its melting point and 
high heats of fusion and vaporization relative to the 
other forms. It is believed to be a mixture of branched- 
chain polymers of SO; existing in a “layer lattice.”’ 
It has been stated that SO; condensed from the vapor 
at liquid air temperature possesses elastic properties 
characteristic of chain polymers. 

The low-melting asbestos form, or 6-sulfur trioxide, 
m. p. 32.5°, is not a true SO; polymer. It is formed 
only in the presence of small amounts of water. As 
little as one molecule of water to 100,000 molecules of 
sulfur trioxide is sufficient to produce the 6-form. 
6-Sulfur trioxide is a mixture of chain polymers in 
which the following unit is repeated: 


The initiation of polymerization by water may be as- 
sumed to proceed in the following way. Water could 


attach itself to an SO; molecule through a hydrogen 
bond. This bonding disturbs the electrical symmetry 
of the planar SO; molecule, creating a more positive 
center at the sulfur atom. From such a structure in 
the presence of excess sulfur trioxide, polymerization 
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may then proceed by either of two mechanisms: 


Oo 
Yor V4 
H H.---O=s 
\ 
oO 
Oo 
On + 
Oo Oo 
\ 4 
0) 
H o— (2) 
-H oO H.- 
OH oO OH 


It is impossible to differentiate between these mecha- 
nisms experimentally since both involve hydrogen 
bonding. It seems reasonable to assume that hy- 
drogen bonding constitutes the first step although 
direct coordination of the water molecule, through 
the oxygen atom, to the sulfur atom is also a possi- 
bility. It is further conceivable that formation of 
6-sulfur trioxide occurs through ring rupture of the 
trimer. 

It is impossible to determine the degree of aggre- 
gation of sulfur trioxide by cryoscopic methods be- 
cause of its high reactivity. Results obtained using 
phosphorus(V) oxychloride as a solvent seem to indi- 
cate that nSO; consists of aggregates corresponding 
to (SO;),. The initial lowering of the freezing point 
is small and increases with time, suggesting either 
depolymerization or solvolysis.’ It is generally con- 
sidered that these aggregates must be much larger. 
Such information as is available has been gained from 
a study of vapor pressure, melting point, and heat of 
solution of sulfur trioxide in sulfuric acid. Infrared, 
electron diffraction, and Raman spectra studies have 
been carried out recently; these, in general, indicate 
that each form of sulfur trioxide is a mixture of “pseudo 
components.” The molecular compositién: of such 


$ Sulfur trioxide should behave as a nonprotonic acid in liquid 
POCI;, assuming that the latter as a solvent undergoes self- 
ionization as follows: 


2POCI,; = POCI(POCI,)* + Cl- 
Cl- + SO; — SO,CI- 
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mixtures may be changed in various ways with resulting 
changes in the physical properties of the solid. Thus, if 
the a-form of sulfur trioxide is heated slowly, the vapor 
pressure of the residue drops, presumably because the 
monomerand lower polymersare removed. However, the 
vapor pressures of such residues rise slowly on standing 
along a hyperbolic curve back to a constant value. 
This rise in vapor pressure is facilitated by X-ray 
irradiation of the sample. X-ray studies indicate 
that these changes of vapor pressure are accompanied 
by structural changes throughout the solid SO; and 
- (1) Pare not merely surface effects. It is safe to assume 
that some depolymerization is taking place. 

The stabilization of y-sulfur trioxide toward poly- 
merization has been studied from a practical standpoint. 
Stabilized sulfur trioxide, which retains the low melt- 
ing point of B- or y-SOs, even after many remeltings, 
is now a commercially available product (Sulfan). 
Antimony pentafluoride, a variety of boron compounds, 


(2) 


and thionyl chloride are covered patentwise as stabi- 
lizers. The mechanism of this stabilization process 
has not been divulged. Sulfur, selenium, tellurium, 
phosphorus oxychloride, and lower fatty acids are 
also said to inhibit polymerization but apparently 
not so efficiently as 
| DISPROPORTIONATION POLYMERIZATION 
It has long been known that sodium triphosphate 
echa- fundergoes disproportionation, when heated above 
— 620°, in accordance with the following equation: 
Be > + XNa,P,0; 
‘ough §— When crystalline pyrophosphoric acid is heated a mix- 
yossi- ture of ortho-, poly-, and metaphosphoric acids is 
m of fobtained. Only after long standing does solid H,P,0, 
f the freform as a crystalline phase. The tendency to dis- 
proportionate increases with rising temperature. 
ggre- Compounds which might be expected to give tetra- 
; be- §phosphoric acid or a tetraphosphate appear to undergo 
ising Fmolecular disproportionation into smaller as well as 
indi- §larger molecular species in accordance with several 
ding 
point ——  (HPO;) + 
ither H.P.O;;———> | —> 2(HPO;) + H.P.0, 
from possibilities. In each of these instances the assumed 
at of BHPO; fragments appear as a polymetaphosphoric 
ared, 
have 
icate 
eudo 
such 
liquid 
self- 
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acid (or polymetaphosphate) of higher ionic molecular 
weight. Such a polymerization mechanism is similar 
to a free radical type process except that free radicals 
cannot logically be postulated. Stabilization by a 
coordination type polymerization process is suggested. 


O O oO 
bu/, 


bu 


Molecules such as water or ions such as the stable 
linear phosphate or hydroxy] ions act to terminate the 
polymerization process (chain breakers). 


O 
HO—P . | HO—P— 
H bu 


X= OH-, H,O, 


This concept of a strictly inorganic polymerization 
process is offered by the authors as an explanation of 
the observed phenomena. 
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ONLY ONE STRUCTURE, OPTICALLY INACTIVE,, 
IS POSSIBLE 


ONLY ONE STRUCTURE, OPTICALLY ACTIVE, 
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Figure 1 
* Note that the structural designations in the third column of Tables 2 
and 3 are not sufficient if taken from the context of the tables. 


ISOMERS OF OCTAHEDRAL 
COMPLEXES WITH NON- 
BRANCHING LIGANDS 


RUSSELL F. TRIMBLE, JR. 
‘University of Rochester, Rochester, New York 


Atrnoveu interest in the field of metal complexes has 
risen greatly in the past few years, there is not available 
any tabulation of the various ways in which ligands can 
be distributed about an octahedral frame.' The pur- 
pose of this paper is to present such a tabulation for 
nonbranching ligands. Nonbranching ligands are 
those ligands in which each coordinating group is con- 
nected to two other coordinating groups only, except for 
the two terminal groups, which are connected to only one 
other coordinating group. Complexes that include 
branched-chain ligands (such as ethylenediaminetetra- 
acetic acid), or which are polynuclear, are not con- 
sidered because of their tremendously increased 
geometrical complexity. Isomerism within the ligand 
molecule (or ion) is not taken into account because such 
isomerism does not arise from the structure of the com- 
plex. Within these limits the tabulation of structures 
is believed to be complete. 

The isomers were determined from drawings of the 
arrangements possible with various types of ligands, due 
care being taken to eliminate duplicate structures and 
mirror images. In a few doubtful cases models were 
used. It was found possible to calculate the number of 
isomers to be expected only for the case 
of a complex with six different monoden- 


tate ligands. 
The information is presented in three 


tables. Table 1 lists the various struc- 


TABLE 1 
Structures Containing Monodentate Ligands Only 
Formula Structure 
Us * 
UsV 
U4V2 cis-v / trans-v 
cis-vw / trans-vw 
U3V3 fac-u / mer-u 
U3V2w mer-u cis-v / mer-u trans-v / fac-u 
usvwx mer-u trans-vw (wx, vx) / fac-u_ 
UsV2We trans-u trans-v trans-w / cis-u cis-v cis-w 
cis-u cis-v trans-w / cis-u cis-w trans-v 
cis-v cis-w trans-u 
UsV2wx trans-u trans-v trans-wx / cis-u cis-v trans-wx 
cis-u cis-wx trans-v / cis-v cis-wx trans-u 
trans-uw trans-vx / trans-ux trans-vw 
usvwxy _ trans-u trans-vw (vx, vy) / cis-u trans-vw (vx, vy, Wx, Wy, xy) 
uvwxyz trans-uv trans-wx trans-yz / trans-uy trans-vw trans-xz 
wy xz / vx wz 
wz xy / “ “cc vz “ wx 
“ uw “ vx yz / uz “ xy 
“ xy / “ce “oc vy “ wx 
ux “ vw “ yz 
vz wy 


* Only one structure, optically inactive, possible. 


tures possible with only monodentate 
ligands. Table 2 lists the structures 
possible with only one species of polyden- 
tate ligand, and Table 3 lists the struc- 
tures containing more than one species of 
polydentate ligand. Each entry in these 
tables represents a distinct structural 
entity which cannot be made congruent 
with any other structure listed by any 


1A partial tabulation of octa-coordinate 
structures has been published by Marcui, L. 
E., W. C. Ferneuius, anp J. P. McReyno ps, 
J. Am. Chem. Soc., 65, 333-5 (1943). 

The paper on isomers of coordination com- 
pounds with terdentate ligands and ligands of 
higher function by Ferneuius, W. C., B. E. 
Bryant, J. Am. Chem. Soc., 75, 1735-6 (1953) 
lists the number of isomers to be expected in 
different cases, but does not show the various 
structures possible. 
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process of translation, rigid rotation, or total reflection. 

Two kinds of polydentate ligands are considered: 
those in which the coordinating groups are equivalent, 
and those in which they are not. Two coordinating 
groups are defined as equivalent if they form bonds with 
the central metal ion that are identical chemically and 
structurally. In polydentate ligands, therefore, equiva- 
lent groups must not only be the same chemically, 
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It also follows that all possible equivalent pairs of 
groups in the ligand are equivalent, or none are. We 
cannot have ligands of the type ABCDA. It is possible, 
therefore, to speak of a ligand with equivalent groups 
without ambiguity. 

The first column of each table gives the generalized 
molecular formula of the complex with equivalent 
ligands (a symbol for the central ion is omitted). A 


TABLE 2 
Structures Containing Only One Species of Polydentate Ligand 
Equivalent chelating 
Formula groups Nonequivalent chelating groups 

AA wu (AB) 

AA uv mer-AAv (AB) cis-Av / trans-Av 
fac-AAv 

AA cis-v trans-u (AB) 
cis-u trans-v ‘a 
cis-u cis-v trans-Au (Av) 

AA wvw trans-u (AB) fac-uvA (uwA) 
trans-vw 
trans-uv fac-uwA (uuA) 
trans-uw fac-uvA (uuA) 

AA uvwx trans-uv (AB) fac-vxA (vwA) 
trans-uw fac-wxA (vwA) 
trans-ux fac-wxA (vxA) 
trans-vw ‘ac-wxA (uwA) 
trans-vx fac-wxA (uvA) 
trans-wx fac-vxA (uwA) 

(AA): us trans-u (AB) cis-A / trans-A 
cis-u trans-A (B, AB) 

(AA), uv trans-uv (AB) cis-A / trans-A 
cis-uv trans-A / trans-B 

trans-AB trans-uA (vA) 

(AA)s (AB) 

ABA us mer-ABA (ABC) M6 
fac-ABA 

ABA wv mer-ABA trans-u (ABC) . 
mer-ABA cis-u ak 
fac-ABA trans-vB 
fac-ABA trans-uB trans-uA (vA) 

ABA uvw mer-ABA trans-uv (uw, vw) (ABC) Pe, OF 
fac-ABA trans- trans-vA (wA) 
fac-ABA trans-vB trans-uA (wA) 
fac-ABA trans-wB trans-uA(vA) 

(ABA). mer-ABA (ABC) 
fac-ABA trans-B trans-A (AC) 
fac-ABA cis-B trans-AB (BC) 

ABBA uz trans-u (ABCD) * 
cis-u trans-A gee 
cis-u trans-AB trans-uA (uD) 

ABBA uv trans-uv (ABCD) oe 
cis-uv trans-A trans-uB (uC) 
cis-uv trans-AB trans-uA (uD) 

ABCB’A’u_trans-A trans-uC (ABCDE) 
trans-AB’ trans-uC 
trans-AC trans-uA’ trans-AC (EC) 
trans-AC trans-uB’ trans-AC (AD) 

ABCC’B’A’ trans-AC’ trans-A'C (ABCDEF) 
trans-AC trans-A'C’ 
trans-A trans-B 
trans-AB’ trans-A'C trans-AE (AD) 


* Only one structure, optically inactive, possible. 
** The basic structure in the second column is made optically active, but no 


geometrical isomers are created. 


*** Only one structure, optically active, possible. 


but must also be located in corresponding positions 
about a symmetry axis of the ligand. It is never 
possible to have more than pairs of groups equivalent 
in a nonbranching polydentate ligand. Thus we can 
have a ligand ABCBA, where the repeated letters 
denote equivalent groups, but not AACAA, or AAAAA. 


description of the structures possible for each complex 
is given in the adjacent columns. In Tables 2 and 3 


the second column shows the structures of those com- 
plexes containing only ligands with equivalent groups. 
For each of these structures the third column shows the 
additional isomers arising if the ligand has no equiva- 
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lent groups. The third column may be said to show 
the permutations possible within the combination listed 
in the second column. This relation may be seen more 
clearly from Figure 1. 

A summing up shows that there are 68 molecular 
formulas possible for octahedral complexes containing 
only nonbranching ligands. ‘These give rise to 281 
different structures, of which 209 are optically active 
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types are listed in Table 4 along with a representative 
compound. 


SYMBOLS AND CONVENTIONS 


(1) Monodentate ligands are represented by lower- ff 


case letters from the end of the alphabet. 
(2) The coordinating groups of polydentate ligands 
are represented by capital letters from the beginning of 


TABLE 3 
Structures Containing Several Species of Polydentate Ligands 
Equivalent 
lating 
Formula groups Nonequivalent chelating groups 
AA GG us trans-u (AB) ¢ 
(AB + GH) cis-AG / 
cis-u (AB) mer-uuA / fac-uuA 
o + GH) trans-AG (AH, BG, BH) 
AA GG uv trans-uv (AB) 
‘AB + GH) cis-AG / trans-AG 
cis-uv fac-uAA AB) cis-vA / trans-vA 
(AB + GH) trans-AG (AH, BG, BH) 
cis-uv mer-uAA (AB) cis-uA / trans-uA 
(AB + GH) trans-AG (AH, BG, BH) 
(AA), GG cae (AB) trans-A (B, AB) 
(AA + GH) eas 
(AB + GH) trans-A (B) 
trans-AB trans-AG (AH) 
AAGG MM ainsi (AB) trans-AG (AM) 
(AB + GH) trans-AG (AH, BG, BH) 
(AB + GH + MN) 
trans-AG trans-BM (HM) 
trans-AH trans-BM (GM) 
trans-BG trans-AM (HM) 
trans-BH trans-AM (GM) 
ABA GG u mer-ABA (ABC) bind 
(GH) cis-GB / trans-GB 
+ GH) cis-GB trans-GB 
fac-ABA trans-uB (ABC) ** (GH) * 
(ABC + GH) trans-AG (CG) 
fac-ABA cis-uB (ABC) trans-uA (u' 
(GH) trans-GB (HB) 
(ABC + GH) trans-uA cis-BG (BH) 
trans-uC cis-BG (BH) 
ABA GHG mer-ABA re ** (ABC + GHJ J) = 
fac-ABA trans-BH 
(ABC + GHJ) trans-AG (CG) 
fac-ABA cis-BH (ABC) trans-AH (CH) 
‘ (ABC + GHJ) trans-AG (AH, BG, BH) 
ABBA GG trans-A (ABCD) *** (GH) * 
(ABCD + GH) cis-BG (6) 
trans-AB (ABCD) trans-BD (AC) 


trans-AG (AH) 
ABCD + GH) trans-BH trans-CG (CH) 


trans-AC trans-BG (BH) 


* Only one structure, optically inactive, possible. 
- ** The basic structure in the adjacent column is made optically active, but 


no geometrical isomers are created. 


*** Only one structure, optically active, possible. 


and exist in two enantiomorphic forms. A check 
through Gmelin-Kraut? and two recent books on com- 
plex compounds*‘ showed actual examples of only 29 
of these 68 generalized molecular formulas. These 29 


2? Gmeuin-Kravut, ‘Handbuch der Anorganische Chemie,” 
Verlag Chemie, Teil 58B, 8th ed., Berlin, 1930. 

3 MarTELL, A. E., anp M. Catvin, ‘Chemistry of the Metal 
Chelate Compounds,” Prentice-Hall, Inc., New York, 1952. 

‘ Her, F., ““Chemisches Koordinationslehre, 7B. Hirzel Ver- 
lag, Leipzig, 1950. 


the alphabet. Letters adjacent in the formula repre- 
sent groups adjacent in the ligand, and different letters 
represent nonequivalent groups. Thus ethylenedi- 
amine or carbonate ion would be symbolized by AA, 
but an -amino acid would be written AB, and C,H;— 
NH—C.H.—NH—C.H,—NH—C:H; as ABA. It is 
sometimes necessary to distinguish between two equiva- 
lent groups and this is done by using primes. For 
example, in the ligand ABCCBA we have to distinguish 
between two possible trans-AC arrangements. The 
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ligand is written as ABCC’B’A’, therefore, so that we 
an distinguish between trans-AC and trans-AC’. 

(3) The assumption is maintained that adjacent 
groups in a polydentate ligand cannot coordinate in 
positions trans to each other. 

(4) The terms facial (fac) and meridianal (mer) are 
sed to indicate that the three groups so designated are 
arranged about a face or about a meridian of the 
octahedron. This is shown in Figure 2. 

(5) Groups in parentheses are possible substitutions 
n a given structure for the groups immediately pre- 
eding the parentheses. When there are several such 
substitutions each is set off by a comma within the 
parentheses. For example, cis-u trans-vw (wx, wy) indi- 


tative 


lower- 


igands 
‘ing of 


TABLE 4 
Representatives of Complex Types 
General- 
ized 
formula Compound formula Reference* 

Us et] +++ 46-72 
Co(NH;);H,O] +++ 94-112 

113-18 

UsV3 3)3(H20)s] 122-3 
Us3V2W +* 170-1 

Co(NHs)3( H,0)CIBr] + 

UsV2W2 Co( +++ 121-2 

usv2WX Co(NHs (OH)] ++ 129-30 

AA w 279-83 

AB w Gof late)] + 293-4 

AA 0), 0} (C,00]* 291 

AA UeVe2 le] + 245-6 

AA uwvw  [Co(en) (NH;) (H.O)Br.] * 253 

AA uvwx  [Co(en) (NH;) (H:0)CIBr] + Grin, Ber., 38, 

AB)zuz * 

(AA): uv (H,0)] 112-3 
AA); 73-80 
AB); Cc )s] 310 
ABA). a, 8, y-triaminopropane).] 84-5 

(ABC), Cr(azomethine).] 303-5 C-M 

ABBA [Co(ethylenediamine-bisacetylace- 

(NHs)s] 297 

ABCCBA salicylideneamino)3 6- 

Us en 2 

(AA)2GG [Co(en) * 279 
AB 2 GG pn):C 284-5 
AA), GH en)2(Hz.NCH:COO -)] 187 


¢ Numbers refer to pages in Gmelin-Kraut unless they are marked by C-M, in 
which case they refer to pages in Calvin and Martell. 
en = ethylene diamine; pn = propylene diamine; py = pyridine. 


ates three structures, in one of which the “v” and “w” 
gands are trans, another in which the ‘‘w” and “x” 
gands are trans, and a third in which the “w” and - 
y” ligands are trans. In all three cases the structure 
ontains two “u”’ ligands situated cis to each other. 

(6) Separate structures are marked off by the slash 
/), by the end of a line, and, as noted in (5), by the use 
f parentheses and commas. 


(7) Optical activity is shown by boldface type. 

(8) In the third column of Tables 2 and 3 a general- 
ized formula*for the new ligand immediately precedes 
the structures to which it gives rise. 
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THE ITALIAN CHEMICAL LITERATURE’ 


'T ue Italian chemical literature deserves more attention 
than it receives from American chemists. It is true, of 
course, that in scope, in importance, and in volume it is 
led by the literature written, in English, German, 
Russian, and French. It is also true that it is not as 
accessible as it might be (although a considerable part 
of it may be found abstracted in Chemical Abstracts) 
and that it has, until recent years, suffered from a 
certain lack of centralized documentation and index- 
ing in Italy. When one adds to these handicaps the 
fact that a reading knowledge of Italian is not nearly so 
widespread among American chemists as is a reading 
knowledge of German and French, one can readily 
understand why the Italian chemical literature gets 
scant attention. Yet it deserves more, for its history is 
long, its present is impressive, and its future seems 
bound to become increasingly important to the Amer- 
ican chemist. 


UNIVERSITIES AND SOCIETIES 


The scientific literature of any country has always 
depended to a great extent on the progress of scientific 
education and on the effectiveness and prestige of its 
central research organizations and professional societies. 

Italy, from medieval times, has had several outstand- 
ing universities. Today, there are more than 20 state 
universities that teach chemistry, pharmacy, and the 
biological sciences. The University of Rome, Italy’s 
largest (40,000 students) and perhaps most important 
university, was founded in 1303. The large (15,000 
students) and distinguished University of Bologna was 
founded in 1088. Milan (1853) and Turin (1906) are 
the homes of two technical universities where chemistry 
is taught.? 

The central research organization of Italy is the 
Consiglio nazionale delle ricerche (or C. N. R.) in 
Rome. Founded in. 1923, this important source of 
scientific documentation publishes a comprehensive 
and well-organized index, the Indice di periodici 
scientifict e tecnici, and a periodical, La ricerca scientifica. 
The Societa chimica italiana, founded in Rome in 1919, 
the representative Italian chemical society, also has 
made important contributions to scientific literature, 
presently publishing the Gazzetta chimica italiana and 
the Annali di chimica. The Societa italiana per il 
progresso delle scienze, organized in 1839 in Rome, 


1 Presented at the 123rd Meeting of the American Chemical 
Society, Los Angeles, California, March 15, 1953. 

2 “Europa, The Encyclopaedia of Europe,” Europa Pub- 
lications Ltd., London, 1952. 
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Pennsylvania 


F publishes Scienza e tecnica. In Naples the Societa 


italiana di biologia sperimentale is associated with an 
important biological and pharmacological periodical, 
the Bollettino della societa italiana di biologia speri-§ii 
mentale; however, the latter is actually published by the 
Consiglio nazionale delle ricerche. 

Finally, there is the Istituto superiore di sanita in 
Rome, one of the most active and important research 
groups in Italy. Headed by Professor Marotta, it 
maintains laboratories for organic, therapeutic, and 
biological chemistry, microbiology, parasitology, and 
other sciences. Scientists of international reputation, 
such as Professor D. Bovet and many others, are on thef- 
staff of the Istituto. Since 1937 the Istituto has pub- 
lished the Rendiconti istituto superiore di sanita. 


HISTORY OF JOURNALS 


The birth of the modern Italian literature of chem- 
istry is usually thought to have occurred in 1871, the 
year when the Gazzetta chimica italiana was first 
published. Actually, I have found that the origin isfy 
of a much earlier date. In 1846 Francesco Selmi (1817- 
81), an inorganic chemist, pharmacist, and toxicologist 
at the University of Bologna, published the Annuario 
chimico italiano, presumably the first modern chemical 
publication in Italian. In his preface to the Annuario,§j 
Selmi told of some of the difficulties that accompanied 
such an undertaking. He also defined the purpose of 
the publication: “It is the aim of the Annuario to 
assemble the scattered papers of the Italian chemists 
and to demonstrate the actual condition of the science 
within the peninsula.’’* 

There were other Italian chemical or related journals 
that appeared prior to the Gazzetta. In the Afti della 
reule accademia nazionale dei Lincet (founded by 
Federico Cesi in 1603) chemical papers were published 
by 1847, in one of its first series.‘ The Giornale di 
farmacia, di chimica e di scienze affini was published from 
1851 until 1936; and the Bollettino chimico farmaceutico, 
first published in Milan in 1861, is still published today. 
In historical perspective, then, the Italian chemical 
literature is older than the American, the American 
Chemist having been first published in 1870 and the 
Journal of the American Chemical Society in 1876. 

3 Semi, F., Annuar. chim. ital., 1, p. XXII, Reggio, 1846; 4 
quoted by Provencat, ‘‘Profili bio-bibliografici di chimici itali 
ani,” sec. XV-XIX, Istituto nazionale medico farmacologic 
‘Serono,” Rome, p. XIII. 

4 Crane, E. J., anp A. M. Patrerson, ‘‘A Guide to the Liter- 
— of Chemistry,’ John Wiley & Sons, Inc., New York, 1927 
p. 48. 
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Although the Gazzetta chimica italiana is not the 
oldest Italian chemical journal, it is by far the most 
important. Following the complete political unifica- 
tion of Italy, there was a growing realization that Italian 
chemists needed a new chemical journal comparable to 
the leading chemical journals of Germany and other 
European countries. Stanislao Cannizzaro (1826- 
1910) was asked to be its editor. His activities as 
orgenic chemist and as teacher at several Italian 
universities, especially at Palermo and Rome, had made 
him at that time the only chemist in Italy with an in- 
ternational reputation. But Professor Cannizzaro had 
little faith in the future of the proposed journal and 
therefore was reluctant to accept its editorship. An- 
other chemist did accept, however. He was Professor 
Emanuele Paternd (1847-1935), also a teacher at 
Palermo and Rome. His main fields of interest were 
physical and inorganic chemistry. Paternd devoted 
much of his life to the Gazzetta. Until 1881 he published 
abstracts of foreign papers in it. Then he started, and 
continued for six years, a separate abstract journal, the 
Appendice alla gazzetta chimica italiana. At present 
abstracts are once more published in the Gazzetta. 
Another change occurred in 1914, when papers on ap- 
plied chemistry were excluded from the Gazzetta and 
included in a new journal, the Annali di chimica. The 
Gazzetta now covers the whole field of pure chemistry, 
with organic chemistry predominating. In Boig and 
Howerton’s statistical articles on the histery and de- 
velopment of periodicals devoted to analytical and or- 
ganic chemistry, Gazzetta ranked side by side with the 
well known Annalen der Chemie and Monatshefte fir 
Chemie.® 

In 1951 Chemical Abstracts listed about 300 Italian 
journals of chemistry and the related sciences. The 
following are a few of the more important ones: 

Annali di chimica. An organ of the Italian Chemical 
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Society, primarily concerned with organic chemistry, 
this journal was known as the Annali di chimica appli- 
cata before 1950. 

Archivio italiano di scienze farmacologiche. An im- 
portant pharmacological journal. 

Archivio di fisiologia. A very good journal (50 years 
of publication), edited in Florence, covering the fields 
of pure physiology and biology. 

Bollettino della societa italiana di biologia sperimen- 
tale. Important in biology, physiology, pharmacology 
and published under this name since 1927. 

La chimica e L’industria (Milan). A journal cor- 
responding to the British publication, Chemistry and 
Industry and the French Chimie et Industrie, it has ap- 
peared since 1919 and is edited by the Associazione 
italiana di chimica. 

Rassegna chimica dell’industria e dei professionisti 
chimici. Before 1950 this journal was known as 


Bore, F. 8., anp P. W. Howerron, ‘History and develop- 
ment of chemical periodicals in the field of organic chemistry: 
1877-1949,”’ Science, 115, 25-31 (1952); “History and develop- 
ment of chemical periodicals in the field of analytical chemistry: 
1877-1950,” ibid., 555-60. 


Rassegna chimica. Most of its published papers con- 
cern industrial and applied chemistry. 

La ricerca scientifica. Published by the Consiglio 
nazionale delle ricerche, Rome, this journal covers 
miscellaneous fields of science. 

Scientia (Milan). Rivista internazionale di sintesi 
scientifica. A journal covering science in general, with 
articles in English, French, German, Italian, and 
Spanish. 

Il farmaco, edizione scientifica and Il farmaco, edizione 
pratica, known as Il farmaco scienza e tecnica before 
January, 1953. Although this last journal is only seven 
years old, it has gained considerable importance owing 
to the inclusion of high-quality papers (mostly medic- 
inal chemistry, drug action, etc.). In fact, a good part 
of the recent research carried out in the laboratories of 
the leading pharmaceutical manufacturers in Italy 
finds publication in Jl farmaco. The journal is pub- 
lished by the School of Pharmacy of the University of 
Pavia and is promoted by Carlo Erba, Dr. Recordati, 
Farmitalia, Lepetit, Maggioni and Co., and Laboratorio 
Zambeletti. Jl farmaco carries its own set of abstracts. 

The great number of Italian medical journals, some 
quite important, cannot be discussed in this paper. 
Many of them are abstracted in Chemical Abstracts. 


REFERENCE BOOKS 


As for dictionaries of the Italian language, the 
“Vocabolario della lingua italiana,’ compiled by 
Nicola Zingarelli (7th ed., published by Nicola Zan- 
ichelli, Bologna, 1951) may be recommended. An 
important Italian-English dictionary (they are few and 
not always satisfactory) is that of Lysle-Gualtieri, the 
“Nuovo dizionario moderno delle lingue italiana e 
inglese’’ (Vol. I, “Inglese-Italiano’’; Vol. II, ‘Italiano- 
Inglese’”’; published by Libreria Editrice F. Casanova, 
Turin, 1951). Unfortunately, there are no Italian- 
English chemical dictionaries, as Singer has pointed 
out,® although one would be most useful. 

Therefore, the chemist searching the Italian chemical 
literature has to seek other tools. For example, while 
there is no Italian-English chemical dictionary, several 
exist for Italian-German. Of these, the one of Bulle 
and Rigutini, “‘Dizionario italiano-tedesco e tedesco- 
italiano” (2nd Vol., 8th ed., U. Hoepli, Milan, and 
Bernhard Tauchnitz, Leipzig), and that of Giua and 
Giua-Lollini, ““Dizionario tedesco italiano di chimica e 
scienze affini’ (4th ed., Rosenberg and Sellier, Turin, 
1945), and Rossi’s ‘‘Dizionario tecnico tedesco-italiano e 
italiano-tedesco con particolare riguardo alla chimica 
e merceologia’”’ (U. Hoepli, Milan, 1935 and 1950) are 
very helpful. Also, Dorrer’s ‘‘Dizionario tascabile delle 
lingue tedesca e italiana per |’industria chimica’”’ 
(Tamburini, Milan, 1943) should be mentioned. 

A somewhat unique Italian dictionary should not be 
overlooked. This is Testi’s “Dizionario di chimica 
antiquaria e di alchimia” (Mediterranea, Rome, 1950), 
listing terms used in medieval alchemy. 

Finally, two small dictionaries are worth mentioning: 


6 Sincer, T. E. R., Chem. Ind., 45, 417-21 (1939). 


5 
le 


Denti’s “Dizionario tecnico italiano-inglese, inglese- 
italiano” (U. Hoepli, Milan, 1946) and Marolli’s 
“Dizionario tecnico, inglese-italiano, italiano-inglese”’ 
(Felice le Monnier, Florence, 1950). These are more 
technical than chemical dictionaries. 


INDEXES, ENCYCLOPEDIAS, ETC. 


The foremost Italian scientific index is the Indice di 
periodici scientifici e tecnici of the Consiglio nazionale 
delle ricerche. It has appeared since 1948 under the 
editorship of Dr. G. Borghi and is divided into eleven 
independent parts of which chemistry is Part IV .and 
medicine-biology-psychology, Part V. This compre- 
hensive index lists and annotates the Italian and foreign 
literature. Very recently, the “Guida bibliografica 
internazionale per il chimico. Libri e riviste’”’ by Nerio 
Gaudenzi appeared (Sansoni Edizioni Scientifiche, 
Florence, 1952). This is a very complete index of inter- 
national chemical literature, dictionaries, encyclopedias, 
texts, handbooks, etc. The use of the index is ex- 
plained in four languages (Italian, French, English, and 
German); however, the index itself is written in 
Italian. 

Among others, three Italian encyclopedias of chem- 
istry should be mentioned: First, the ‘‘Dizionario di 
chimica generale e industriale, chimica agraria, 
biologica, bromatologica, farmaceutica, geologica, 
mineralogica, tecnologica, tossicologica’”’ by M. Giua 
and C. Giua-Lollini (Unione Tipografico, Turin, 1948- 
50). “There are three volumes, alphabetically arranged. 


Second, the comprehensive encylopedic dictionary of 
Villavecchia, ‘“‘Dizionario di merceologia e di chimica 
applicata” (4 vols., 5th ed., U. Hoepli, Milan, 1949). 
It covers applied chemistry and merceologia, or the 


study of natural sciences. Third, Longhini’s ‘Piccola 
enciclopedia chimica per domande e _risposte” 
(Garzanti, Milan, 1950). Its format is made up in the 
form of questions and answers. 

Another useful reference is the Italian pharma- 
copoeia, ‘“Farmacopea ufficiale” (6th ed., Istituto 
poligrafico dello stato, Rome, 1950). Very important 
is Fumi’s ‘‘Repertorio terapeutico elenco generale delle 
specialita. medicinali” (5th ed., ‘‘Aracne’’ editrice, 
Milan, 1952). Its text consists of two parts. One, 
corresponding to the American “‘Red Book”’ of drugs, is 
a compilation of all drugs, medicinal specialities, etc., 
that have been marketed in Italy, with their retail 
prices, sales forms, etc. The other part contains data 
on the chemical composition, therapeutic indications, 
and the manufacturers of the drugs listed. _ 

There is no specific.text that can be used-as reference 
for Italian chemical patents. Moreover, because cer- 
tain changes are being considered, the Italian patent 
law, based on the process-patent conception, is presently 
in a state of transition. As a source. of information, it 


~ should be recalled that, generally, Italian patents do not” 


assume the importance of United States, British, or 
German patents. 
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ABSTRACTS, TEXTBOOKS, AND TREATISES 


There are no centralized Italian chemical abstracts of 
the nature of Chemical Abstracts or Chemische Zentral- 
blatt. However, several chemical periodicals have their 
own abstracting services, of which those appearing in 
the Gazzetta, Bollettino chimico farmaceutico, and II 
farmaco are most important. 

Of the many chemical, pharmacological, and other 


texts, treatises, and handbooks written in Italian, only a 


few can be discussed. The little text of Vouch, 
“Costanti fisico-chimiche di oltre 1300 composti or- 
ganici’’ (U. Hoepli, Milan, 1951) is a useful compila- 
tion of organic compounds, listing physical constants 
such as melting points, boiling points, etc. Marini- 
Bettolo’s “Reazioni organiche”’ (Sansoni, Florence, 
1951) deals with organic-synthetic reactions and prep- 
arations. Its author is an organic chemist associated 
with Dr. Bovet at the Istituto superiore di sanita. 
The well-known text of P. Karrer, ‘Lehrbuch der 
organischen Chemie,” has been translated into Italian 
(“Trattato di chimica organica,’’ Sansoni, Florence, 
1942), and is as widely used in Italy as it is elsewhere. 
Gabba and Molinari’s ‘““Manuale del chimico” (2 
vols., U. Hoepli, Milan, 1948, 1949) is comparable to 
English handbooks such as the “Handbook of Chemistry 
and Physics.” Barbieri’s ‘“Enciclopedia-ricettario” 
(2nd ed., U. Hoepli, Milan, 1951) contains 10,000 for- 
mulas and procedures. Four very good Italian text- 
books of pharmacology are Meneghetti’s ‘‘Lezioni di 


Farmacologia’’ (Cedam, Padova, 1952); Mascherpa’s 


“Trattato di farmacologia e farmacognosia”’ (2nd ed., U. 
Hoepli, Milan, 1949); Simon’s “Trattato di farma- 


cologia” (2nd ed., Utet, Turin, 1947) and Erspamer'’s f 


“Lezioni di farmacologia” (2nd ed., G. Presel, Bolzano, 
1952). Of biochemistry texts, that of Rondoni, 
“Elementi di biochimica” (6th ed., Utet, Turin, 1951), 
is widely used. 


LANGUAGE DIFFICULTIES 


Italian has its peculiarities, problems, and pitfalls, 
but unfortunately there is little opportunity for the 
English-speaking chemist to become aware of them. It 
is a rare curriculum that includes a course in scientific 
Italian. Although the scope of this paper does not 
permit a discussion of translation problems, a mention 
of a few of the peculiarities may prove instructive. 

(1) Often one will find in an Italian scientific text the 
letters AA., usually preceded by an article, e. g., gli AA. 
This abbreviation means gli autori, or the authors. 

(2) Some general rules will facilitate the reading of 
chemical Italian, as there are similarities in spelling of 
chemical names and nomenclature used. For example, 
a chemical compound spelled in English with a y is 
written in Italian with the letter 7. The z in English 
often corresponds to a double z in Italian; also the 
letter ¢ of the English version corresponds to a z in 
Italian. Thus, pyrrone is pirone and polymerization is 
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nolimerizzazione. Names of elements, such as palla- 
jium, are similarly written in Italian, as palladio. 

(3) Chemical words starting with an h in English are 
written without it in Italian, e. g., hydrogenation is 
\drogenazione. 

(4) Alcohol is alcool or alcole; ether is etere and so 
orth. 

(5) The melting point (abbreviated m. p.) finds its 
talian counterpart in punto di fusione (abbreviated 
». f.); decomposition in melting is usually abbreviated 
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as con dec. The boiling point (b. p.) is punto d’ebolli- 
zione (p.e.). 

(6) A water bath is referred to in Italian as 
bagnomaria (corresponding to the French word bain- 
marie). 


ACKNOWLEDGMENT 


The author is indebted to Professor Vittorio 
Erspamer, Jniversity of Bari, for making available 
otherwise inaccessible Italian references. 


CALCULATING THE CONCENTRATIONS OF THE 
SPECIES PRESENT IN COMPLEX BUFFERS 


Tue calculation of the concentrations of the species 
present in a solution containing three or more weak 
acids and their conjugate bases appears formidable at 
first sight. This is true not only for the undergradu- 
ate student of analytical chemistry or physical chemis- 
ry but also for the graduate student who is involved in a 
research problem in which buffered solutions are used. 

he simple approach of assuming that the predominant 
equilibrium in the solution is 


Acid; + Base, 2 Acids + Base, 


is useful if only two weak acids and their conjugate 
bases are present.! 

While equations have been derived for the calcula- 
tion of the concentration of hydrogen ion in a solution 
containing two weak acids and/or their conjugate 
bases,? the corresponding equations for systems involv- 
ing three or more weak acids would undoubtedly be so 
complicated that their usefulness to those interested in 
complex buffer solutions is questionable. 

There is, however, a relatively simple approach by 
which the composition of even the most complicated 
buffer solutions can be calculated. In this method, one 
carries out the hypothetical processes of first removing 
the acidic hydrogen from all of the acids in the solution 
and then allowing it to react with these several bases 
which are present. The hydrogen ion preferentially 

Eastman, E. D., and G. K. Rouierson, ‘Physical Chemis- 


try,” McGraw-Hill Book Co., Inc., New York, 1947, pp. 367-8. 
* DeForp, D-D., Anal. Chim. Acta, 8, 345-51, 352-6 (1951). 
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unites with the strongest base. Successive reaction 
of the hydrogen ion with weaker and weaker bases oc- 
curs until the hydrogen ion is used up. The composi- 
tion of this resulting solution is the composition which is 
sought. It is believed that this method is of value in 
clarifying the subject of acid-base equilibria to the stu- 
dent and that, in addition, it provides a rapid and 
straightforward method for solving problems of the type 
being discussed. 

A Specific Problem. The method will first be dis- 
cussed in terms of a specific problem: what are the con- 
centrations of the species present in a solution with the 
following stoichiometric composition: 0.050 M NaH.- 
PO,, 0.030 M NazHPO,, 0.080 M HOCI, and 0.040 M 
NaOAc? If all of the acidic hydrogen were removed 
from the acids in this solution, there would be 0.210 
mol of hydrogen ion per liter of solution; in addition 
there would be 0.080 mol of PO,—*, 0.080 mol of OCI-, 
and 0.040 mol of OAc~. If we now carry out the hy- 
pothetical process of adding this amount of hydrogen 
ion to these bases (PO,~*, OCI~, and OAc”), it is not 
difficult to determine how much of the hydrogen ion is 
used up by each base, and if this is known correctly, the 
hydrogen ion concentration of the final solution is also 
known. The determination of the amount of hydro- 
gen ion which is tied up by each base is accomplished 
by the use of a graph which will now be described. 

At any given hydrogen ion concentration, a definite 
fraction of any particular base is converted to its conju- 
gate acid. This is shown in the figure, in which the 


PPRIL, 1954 
5 


184 


value of (—log [H*+]) for a solution in which n mols of 
hydrogen ion have combined with one mol of each par- 
ticular base is plotted versus the value of 7. Thus, 
Curve 1 corresponds to the conversion of PO,~* into 
HPO,-~; at the right-hand side (7 = 0), there is no 
conversion of PO,—* to HPO,—~, while at the left-hand 
side (n = 1), the conversion (to HPO,~~) is complete. 
Each curve corresponds to the conversion of a particu- 
lar base to its conjugate acid, and it is to be noted that 
for a base which can react with more than one mol of 
hydrogen ion per mol of base, there are the appropri- 
ate number of curves. Curve. 5 corresponds to the 
conversion of HPO,~~ to H,PO,-, and Curve 8 corre- 
sponds to the conversion of H,PO,- to H;PO,. The 
curves for monobasic acids do not cross the 7 = 0 and 
n = 1 axis; at no realizable concentration of hydrogen 
ion is an acid which exists in only two forms, HX and 
X~, present exclusively in one of these forms. While it 
is also true that polybasic acids do not exist exclusively 
in one form at any concentration of hydrogen ion, it 
is nevertheless true that the average number of hydrogen 
ions tied up per mol of polybasic acid does have inte- 


09 


1.0 


Values of 7 as a Function of the Concentration of Hydrogen Ion 


The bases for which the curves are drawn and the acid dissociation 
quotients for the corresponding conjugate acids are: 


1. POs? =(1.0 X 10712) 2. COs-- (4.8 X 
3. (5.7 X 1071) 4. OCI- (3.2 XK 10-8) 
5. HPO«-~- (6.2 XK 10-8) 6. HCO;- (4.2 x 1077) 
7. (1.75 X 1075) 8. (7.5 X 10-8) 


On the right- and left-hand sides are twofold enlargements of the curves 
for which » approaches 0 asymptotically at low [H *], and 1.0 asymptotically 
at high [H*], respectively. They are (from top to bottom) on the right, 
curves 2, 3, 4, and 7. and on the left. curves 3. 4. 6. and 7 
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gral values. For example, phosphate ion may haye 
bound an average of exactly one hydrogen ion, even 
though in such a solution there is present some PO,~°, j 
which no hydrogen ions are bound. 

The amount of hydrogen ion available for union with 
the bases is equal to the amount from the several acids 
(0.210 mol) plus that amount formed by the solvent to 
give the solution its net concentration of hydroxide 
ion, or minus that amount required by the solvent te 


* give the solution its net concentration of hydrogen ion, 


At one specific concentration of hydrogen ion, the sum 
of the values of the products of n for each base and the 
amount of that base is equal to the amount of hydrogen 
ion which is available for union with the bases. Focusing 
our attention on only those curves in the figure which 
are relevant to the problem being discussed (7. e., Curves 
1, 4, 5, 7, and 8), we start at a very low value of the hy- 
drogen ion concentration (at the top of the graph) and 
consider the hydrogen ion tied up by the several bases as 
the hydrogen ion concentration is raised (as we go down 
the graph). The first curve which is to be considered 
is Curve 1. In the conversion of 0.080 mol of PO,- 
into HPO,—~, 0.080 mol of the available 0.210 mol of 
hydrogen ion are consumed, and the hydrogen ion 
concentration becomes 10~*-* molar. The next stronger 
base is OCl-; however, the conversion of but a small 
fraction of it to HOC! (moving from right to left along 
Curve 4) brings the solution to a hydrogen ion concen- 
tration at which HPO,~~ is converted to H,P0O,- 
(zi. e., Curve 5). Thus the two bases must be consid- 
ered simultaneously, and since their total amount, 0.16 
mol, is greater than the 0.13 mol of hydrogen ion which 
is available, the actual composition of the solution will 
correspond to a hydrogen ion concentration in their 
buffer region. At any hydrogen ion concentration, the 
sum of the values of the products of 7 and the amount 
of the corresponding base is calculable by inspection 
of the curves. This can be done conveniently by plac- 
ing a transparent straightedge horizontally on the graph 
and moving it downward. It is easy to keep an account 
of the hydrogen ion which has been tied up by the sev- 
eral bases by noting the value of » for each base ata 
particular hydrogen ion concentration, multiplying 
this by the total concentration of that base, and adding 
these quantities. The calculation is carried out at 
several values of the hydrogen ion concentration, the 
change in the hydrogen ion concentration between suc- 
cessive calculations being smaller the more closely the 
correct answer is approached. A summary of such 
calculations is presented in the table. It is concluded 
that this solution has a hydrogen ion concentration of 
10-*-70 molar. At a hydrogen ion concentration of 
10-*-7° molar, 86.3 per cent of OCI— is converted to 
76.4 per cent of HPO,~ ~ is converted to 
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1.1 per cent of OAc~ is converted to HOAc, and they 


0.210 mol of H+ has been completely tied up with the 
bases. (It is seen that a very small fraction of OAc™is 
converted to HOAc at this hydrogen ion concentration. 
In a rough calculation it could be neglected; there is 
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sally no need to do so, however, since the extent of the 
onversion of OAc~ to HOAc is readily ascertainable.) 
he concentrations of the species which exert a sig- 
ificant buffer action are 0.069 M HOCI, 0.011 M OCI-, 
).061 M 0.019 M HPO,-~-, 0.0395 M OAc~, 
pnd 4.5 X 10-* M HOAc. These concentrations and 
vent tothe hydrogen ion concentration (2.0 X 10—7 molar) allow 
droxide™ calculation of the concentrations of all of the other 
vent tofppecics from the appropriate equilibrium constant ex- 
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tis clear that our approximation that the total phos- 
phate in the solution is essentially equal to the sum of 
he concentrations of the dominant species HPO,~ — 
and HePO,~ is valid. The sodium ion concentration 
s 0.15 molar. The concentrations which have been 
alculated satisfy the requirement that the sum of the 
umber of equivalents of positively charged ions be equal 
o the sum of the number of equivalents of negatively 
harged ions. This condition of electroneutrality is 
hutomatically satisfied if all of the bases which are con- 


oncen- 
1,PO,- verted to the corresponding acids to a significant extent 
onsid-t the hydrogen ion concentration of the solution are 


aken into consideration. 

In this particular problem, the concentration of hy- 
drogen ion in the final solution is close enough to that 
xisting in water that its effect need not be taken into 
account in the calculation of the amount of hydrogen 
on available for union with bases. The more general 
situation, in which the solution is not so near neutrality, 
vill be discussed in the section ““A General Statement 
of the Method.” 

The Tonic Strength Effect. The curves in the figure 
vere calculated using the acid dissociation constants 
“orresponding to zero ionic strength. The answer, 
herefore, is a first approximation; it allows a calcula- 
ion of the ionic strength which in turn determines 
he approximate value of acid dissociation quotients 
vhich should be used.* If, as is not the case in the prob- 
em just discussed, the important buffer acids at the 
ydrogen ion concentration of the solution were all of 
he same charge type, a mere shift of the (log [H*]) 
scale of the figure would give curves which would be 
approximately correct for the actual ionic strength of 
he solution. This is true because the dependence of 
ted tom2tio of the value of the acid dissociation quotient, ata 
PO. particular ionic strength to the value at zero ionic 
o" the strength is approximately the same for acids of the 
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10-*-* 107 107 10-*8 10-4” 
Hydrogen ion tied up 
by the base: 

0.080 mol PO,-* 0.080 0.091 0.129 0.188 0.141 
0.080 mol OCI- ~~ 0.019 0.06 0.067 0.069 
0.040 mo] ~~ ~~ ~~ 0.000, 
0.080 0.110 0.190 0.205 0.210 


In a system such as the one being discussed, in which 
acids of different charge types are present, the ionic 
strength dependences of the acid dissociation quotients 
are different. In making the second approximation, 
it is necessary to use a new graph with curves for 7 
versus (log [H*]) which correspond to the acid disso- 
ciation quotients for the ionic strength of the solution 
composition calculated in the first approximation.‘ 

A General Statement of the Method. A general dis- 
cussion of the method is possible. In the discussion, 
use will be made of these definitions: 

= 

[OH~] 

(H+) = 


the actual concentration of hydrogen ion. 

the actual concentration of hydroxide ion. 

the total hydrogen ion concentration which would 
be the result of complete dissociation of all acidic 
hydrogen from all of the acids H»B? in the solu- 
tion. 

= [H+] [Hm-nB’]/[Hm-n4:B’] = the nth acid dissocia- 
tion quotient for the jth acid H»B/ in the solu- 
tion. 

the total concentration of species containing the 
base 

the number of mols of hydrogen ion tied up by one 
mol of the base B/, at the hydrogen ion concentra- 
tion under consideration. 

= [H*]/Ky’. 


The definition of 7; leads directly to the equation: 


Ky? 


C; 


nj 


hy? 


= (1) 
> [H.B*] 
n=0 
Conservation of hydrogen ion in the system leads to 
the equation: 


(H*) + [OH-] — [H*] = x Cini (2) 
In addition to the hydrogen ions which come hoes the 
several acids, there may be available for combination 
with the bases, B’, some hydrogen ion from the solvent. 
This concentration is equal to ((OH~] — [H*]) and 
is added to (H+) to give the amount of hydrogen ion 
per liter available for combination with the several 
bases. If the solution is acidic, the hydrogen ion com- 
bined with the several bases is less than (H +) since some 
of it is present as uncombined hydrogen ion. If the 
solution is basic, the hydrogen ion combined with the 
several bases is greater than (H+) since the net alkalin- 


Ac~ isl * Harnep, H.S., anv B. B. Owen, “The Physical Chemistry of 
ration. BLlectrolytic Solutions,” 2nd ed., Reinhold Publishing Corp. ., New 
rere is 1950, Chap. XV. 


4 This need only be done, of course, for those constituents of the 
solution which are exerting a significant buffer action at the hydro- 
gen ion concentration of interest. 
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ity of the solution can be viewed as resulting from the 
hydrolysis reaction 


+ H.0 = + OH- 


This reaction results in the addition of a total of one 
mol of hydrogen ion to the bases in the solution for 
every mol of hydroxide ion present in the solution. 
For solutions within a couple of pH units of seven, 
the approximation that (H+) > |[OH-] — [H*]| is 
valid unless (H+) is very small, and thus the equation 


(H+) = (2') 
i 


may be used. In the graphical approach, one decides 
by inspection coupled with simple arithmetical calcu- 
lations, upon the value of the hydrogen ion concentra- 
tion at which the total hydrogen ion available is com- 
bined with the several bases. 

The Construction of the Graph. For a monobasic acid 
the value of n, which is equal to the fraction of the base 
B that is present as the acid HB, is given by the equa- 
tion 

h 
K+ (H*])  1+h 


(3) 


The drawing of the graphs is rather simple if one uses a 
template with the form h/(1 + h) versus log h with 
the values of h ranging from 10-* to 10°. 

For a polybasic acid, the form of the curves is slightly 
different and depends upon the relative value of the 
successive acid dissociation quotients. The curves are 
generally the same as for a monobasic acid over a large 
range of » values. Thus, in the case of Curve 2 (the 
conversion of CO;~ ~ to HCO;°~), 7 is within 0.2 per cent 
of what it would be in the range n = 0.00 to n = 0.945 
if H,CO; did not exist; in the case of Curve 6 (the con- 
version of HCO;~ to H.COs), 7 is within 0.2 per cent of 
what it would be in the range 7 = 0.055 to » = 1.00 if 
~ did not exist.5 

The equations used in the calculations leading to this 
statement are of interest. For a dibasic acid HzA, the 
value of 7 is 


_ ___2(H2A] + [HA-] 
[HLA] + [HA-] + [A-~] 


(4) 


The question of interest is this: to how close an ap- 

proximation in the region 7 > 1 may one assume that 
n = n’, where 

, _ 2[H2A] + [HA~] 

+ [HA~] 


(5) 


(i. é., how correct is the 7 value at a particular concen- 


5 It is to be noted that some ambiguity exists in the definition 
of » for polybasic acids. In this statement regarding carbonic 
acid, the convention is that adopted in the figure where 7 has only 
the range 0.00 to 1.00. The two stages in the conversion of the 
base CO;~~ to the acid H,CO; are considered separately (i. e., 7 
goes from 0.00 to 1.00 as CO;~~ is converted to HCO;~ and also 
goes from 0.00 to 1.00 as HCO;~ is converted to H2CO;). On the 
other hand, it is often more convenient to use the convention 
which allows 7 the values 0.00 to m, the maximum number of hy- 
drogen ions which can be associated with the base B’, 
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tration of hydrogen ion in the region where 7 > 1, if the 
existence of A~ ~ is ignored), and in addition, to how 
close an approximation in the region 7 < 1 may one 
assume that » = 7”, where 

° (HA~] 


(z. e., how correct is the n value at a particular concen- 
tration of hydrogen ion in the region where n < 1 if the 


“existence of H,A is completely ignored)? One may de- 


rive the equations 


(7) 


hi(1 + 2he~') 
hi +1 + he 


In the region in which these questions are of interest 
(yn = 1), it is generally true that hi < 1 and h, >1 
and therefore these equations simplify to give: 


(8) 


(7') 
and 


” 
Equations (7) or (7’) and (8) or (8’) enable one to cal- 
culate, rapidly, the extent of the error in 7 introduced by 
neglecting those forms of a weak acid which are not 
directly involved in the principal buffer equilibrium 
which exists at the hydrogen ion concentration of in- 
terest. 

Powell’s Method of Solving Complex Buffer Problems. 
The graphical method of solving complex buffer prob- 
lems which has just been outlined involves the construc- 
tion of graphs and therefore might be viewed as incon- 
venient, particularly if only one such problem were to be 
solved. If such is the case, the approximation method 
devised by Powell® is convenient. In this method 
one first makes a guess at the value of [H+]; it is then 
possible to calculate the concentrations of all of the 
species in the solution. A general equation for the con- 
centration of the species H,B’ is 


KiiK2) .. 
1+ 


n=1 


(8’) 


[HiB‘] = C; X (9) 


The numerator of the fraction is the ratio of the con- 
centrations of H,B/ and H,,B’, and the denominator is 
the ratio of the sum of the concentrations of all species 
containing the base B’ to the concentration of H,,B’. 
This fraction is therefore the fraction of the base B’ 
which is present as H,B’. One then calculates the net 
electrical charge on the solution from the concentrations 
and charges on all of the dissolved species. Barring 4 
minor miracle, the first approximation of the hydrogen 
ion concentration will be incorrect and the calculated 
net electrical charge will not be zero. This approxima- 


6 PowELL, R. E., private communication (1948). 
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tion servés as a guide for the second approximation, 
however, since a calculated positive charge on the solu- 
tion indicates that the assumed value of [H*] is too 
great and a calculated negative charge on the solution 
indicates that the assumed value of [H+] is too small. 
(This follows from the fact that the concentrations of 
more negatively charged species are greater the lower 
the concentration of hydrogen ion.) One proceeds to 
make guesses of the concentration of hydrogen ion un- 
til the calculated charge on the solution is small com- 
pared to the concentration of any buffer constituent in 
the solution which exerts control over the hydrogen 
jon concentration of the solution. Unless one’s first 
guess at the hydrogen ion concentration is very poor, 
four or five approximations are sufficient to yield the 
answer to the problem. A semiquantitative applica- 
tion of the approach outlined in this paper (7. e., looking 
upon the solution as being made up of the appropriate 
amount of hydrogen ion and the various bases with 
their acidic hydrogen removed) should make possible 
a very good first guess at the value of [H+], thus reduc- 
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(7) ing the number of successive tries required. 
Regarding Conventional Titration Curves. The curves 
given in the figure are the same as conventional titra- 
,g tion curves in the hydrogen ion concentration range 
(88 such that |[(OH-] — [H*]| is small compared to the 
to ak. concentration of the acid or base being titrated. The 
ced by 


re not 
ibrium 
of in- 


187 


conventional titration curve is a plot of (—log [H*]) as 
the ordinate versus ( —(H*)/C;), which is equal to 


(-w+ 


as the abscissa. 

The construction of a titration curve for a polybasic 
acid (with m acidic hydrogens) in the hydrogen ion 
concentration ranges in which more than two forms of 
the acid are important, and for any acid, regardless of 
the number of acidic hydrogens, in the case where 
|[(OH-] — [H+]| is not small compared to C,, is greatly 
simplified if one calculates the value of n; as a function 
of the hydrogen ion concentration rather than the re- 
verse. This can be done with an equation which results 
from the combination of equations (1) and (9) (with 
K, defined as equal to 1): 


= (10) 
> (Kil... 
n=0 
It is clear that the calculation of n; from the hydrogen 
ion concentration is easier than the reverse calculation. 
Once 7; is known, the stoichiometric composition of the 
solution may be calculated using equation (2), for the 
solution’s composition is defined by C; and (H*). 
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Tue following demonstration that the allotropic forms 
of sulfur have different physical properties may be used 
to supplement the usual laboratory experiment of test- 
ing solubilities with carbon disulfide. With suitable 
modification it may be used as a lecture demonstration 
or as a side-table demonstration in the laboratory. 

Principle. Since the melting point of rhombic sulfur 
is about 113°C. and that of monoclinic sulfur is about 
118°C., if samples are heated by the vapor of boiling 
n-butyl alcohol (b. p. 116°C.) it can be shown that the 
thombic form melts at a lower temperature than does 
the monoclinic. 

Method. Set up a three-necked flask with a Water- 
cooled reflux condenser. Suspend within the flask, by 


e THE ALLOTROPY OF SULFUR 
A Demonstration 


Ss. B. BUTLER 
Queens College, Flushing, New York 


means of bored stoppers in the side necks, two thin- 
walled tubes which contain powdered samples of the 
two forms of sulfur. Add to the flask a suitable 
quantity of n-butyl alcohol and a few boiling chips and 
heat so that the liquid refluxes gently. The rhombic 
sulfur will soon melt but the monoclinic sulfur will re- 
main unchanged. 

Certain advantages are secured by presenting the 
demonstration during the student laboratory period 
devoted to sulfur. Then freshly recrystallized samples 
prepared by the students may be used and since the 
apparatus may be closely inspected by the students it 
can be much smaller and simpler. For safety the 
apparatus should be used only by the instructor. 
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GERHARD DOMAGK AND CHEMOTHERAPY 


Tue term “wonder drug” is used with too much ° 


abandon by the daily press and the magazines, which 
are constantly seeking newsworthy items. Unfortu- 
nately, most of the sensational claims prove un- 
warranted. However, certain’ discoveries in chemo- 
therapeutics have lived up to their original promise, 
and to have been the discoverer of the marvelous 
curative effects of not one but two of these new types 
of drugs is a record that can be equaled by few. 

Gerhard (Johannes, Paul) Domagk was born on 
October 30, 1895, at Lagow, a small town in Branden- 
burg. His early boyhood was spent on the shores of a 
beautiful lake in the midst of magnificent old beech 
forests. His father was a teacher and the family lived 
in the schoolhouse across the lake from an old castle 
picturesquely provided with towers, battlements, and 
ancient artillery. He and his sister loved to roll the 
stone cannonballs over the turf to make “thunder.” 
He first went to school in the little textile town of 
Sommerfeld, where his father was called to be vice- 
principal. His secondary education was finished at 
Liegnitz in Silesia, at a school where the science in- 
struction was given by young teachers who thoroughly 
grounded young Domagk in chemistry, physics, and 
biology. 

In 1914 Domagk went to Kiel to study medicine, 
but after one semester the war broke out and for the 
next four and a half years he worked in military 
hospitals and thus early received a thorough education 
in practical medicine and had ample opportunity to 
witness mass death among the wounded by cholera, 
typhus, and dysentery. He learned the total insanity 
of war, and ever since his guiding motto has been: 
“Whatever contributes to the preservation of life is 
good; all that destroys life is evil.”” The helplessness 
of much of the medical practice of that time was brought 
home forcefully by the tremendous mortality among 
healthy, vigorous young people during the world-wide 
influenza epidemic. As a young physician, he stood 
powerless at the bedsides of young mothers suffering 
from the deadly puerperal fever. He resolved to 
devote his life to the practice of medicine but not along 
the lines followed for so long by the ordinary run of 
physicians; instead he determined to carry on research 
with the hope of contributing at least one significant 
advance in the fight against bacterial infections, which 


1 The whole region is now behind the Iron Curtain and peopled 
almost exclusively by Poles and Russians, who were never even 
seen there in Domagk’s youth. The German population was 
ruthlessly driven out; his mother, over 70, died of starvation in a 
fugitives’ camp. 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


up to then had been treated empirically but not 
causally. 

Accordingly, after taking the state examinations in 
Kiel in 1923, he embarked on a course which he con- 
sidered the proper basis of all medicine, namely, patho- 
logical anatomy and general pathology. His doctoral 
thesis, prepared under the internist Max Biirger, dealt 
with the precipitation of creatinine in humans after 
muscular exercise. After a period as assistant to 
Hoppe-Seyler and the pathologist Emmerich at Kiel, 


PRIL 


must 

defen: 
or by 
reticu 
cente! 
to ass 
Atten 
dama 
the d 
tive 
comp 
Dom: 
prope 
was 0 


whicl 


where he made a study of the composition of heart) 


muscle, liver, and kidney in various diseases, he went 
to Walter Gross at the pathological department at 
Greifswald, where he re-equipped a chemical and 
bacteriological section. He constantly kept in view 
the dictum of Virchow, “Pathological anatomy must 


become pathological physiology,” and all of his re-§) 


searches in the next years show the imprint of this goal. 
In his habilitation research (1923) he proved that 
amyloid precipitates can be detected within a few 
minutes after mice are injected with living or killed 
bacteria and that the amyloid appears first in the 
immediate vicinity of the phagocyting endothelium 
cells in the liver, spleen, and lungs. Therefore he 
regarded the amyloid as a degradation product of the 
phagocytosis. He succeeded in strengthening this 
phagocytosis by sensitization and extended it also to 
the monocytes. Always he was trying to relate the 
morphological peculiarities observed in the diseased 
organs to chemical-analytical findings. 

At Greifswald Domagk also started his rather ex- 
tensive studies of the cancer problem, which were later 
continued at the University of Minster, where he was 
called in 1928 to be professor of pathological anatomy 
and general pathology. Though his researches in this 
field uncovered some interesting and valuable facts, 
nothing of immediate curative value resulted. How- 
ever, the progressive methods and promising findings of 
the young investigator brought him to the attention of 
Heinrich Horlein, the director of the Bayer research 
station at Wuppertal-Elberfeld, and he invited Domagk 
to head the section of experimental pathology and 
bacteriology. The offer was accepted gladly because it 
provided an opportunity for close association with 
workers in the field of experimental medicine and with 
the chemists who were interested in purely scientific 
problems. This association has continued ever since 
and to the great profit of the medical profession and 
mankind. 

On the therapeutic side, and proceeding from his 
habilitation essay, his further studies showed that it 
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must be possible to assist the body in its natural 


defensive efforts by either strengthening these powers 
or by weakening the bacteria. Attempts to isolate the 
reticuloendothelial substances from the chief defensive 
centers failed, ¢.e., substances which were in a position 
to assist in the physiological degradation of the bacteria. 
Attempts were then made to discover compounds which 
damage specific gram-positive cocci. The result was 
the discovery at’ Wuppertal-Elberfeld of highly effec- 
tive disinfectants, namely, the quaternary ammonium 
compounds. Through pronounced organizing ability, 
Domagk developed a system of experiments which 
would reveal the essential bactericidal or bacteriostatic 
property of a chemotherapeutic agent. Some progress 
was obtained with a heavy metal compound, “Indusin,” 
which contains gold. 

At Christmas time, 1932, the years of hard work 
finally bore real fruit; the curative action of the 
sulfonamides of the azo dyes synthesized by Klarer and 
Mietzsch in the Wuppertal-Elberfeld laboratory were 
found to be active against treptococci. However, no 
one at this time believed much in this action of these 
“sulfa”? compounds and its practical importance, and 
three years of intensive clinical testing intervened 
before the first reports appeared in the Deutsche 
Medizinische Wochenschrift. 

The starting point for all the therapeutically active 
sulfonamides was p-aminophenylsulfonamide (Prontal- 
bin or Prontylin): 


HN <> SO:NH; 


The many hundreds of these compounds synthesized 
subsequently confirmed the finding that the only com- 
pounds of real curative value are those which have 
an NH, group or a hydrogen-bearing group para to the 
SO.NH2 group. Those with the NH, group meta or 
ortho are less active or are without action. All the 
later variations of the original drug are substitution 
products in which one or both of the hydrogens of the 
amino or sulfonamide group are replaced. 

The most effective sulfonamides against aerobic 
bacteria, such as the streptococci (the causes of ery- 
sipelas and puerperal fever) and also against staphylo- 
cocci (found in boils and osteomyelitis) and also against 
the causative agents of pneumonia, the pneumococci, 
are the sulfas containing the pyrimidine nucleus: 
Sulfapyrimidine (Debenal, Pyrimal, Sulfadiazine) : 


nn > 


Sulfamethylpyrimidine (Debenal M, - Methyldebenal, 
Sulfamerazine) : 


HN 


The dimethyl compounds, such as sulfadiniethyl- 
pyrimidine (Sulfamethazine, Diazil) : 


H, 
HN < > SO.NH 


are much less active in experiments. 

At first it was believed that the NH» group must be 
attached directly to the benzene ring which also carries 
the sulfonamide group. However, Domagk was the 
first to prove that those compounds in which the amino 
group is bound to the benzene ring through an aliphatic 
bridge also have therapeutic action. In fact, they are 
distinguished by an exceptionally high activity against 
anaerobic organisms, which produce gas gangrene, the 
most fearful of all the wound infections. 

Further highlights in Domagk’s studies in the sulfon- 
amide field are presented by the Ulirons, the first com- 
pounds with which it was possible to cure gonorrhea by 
a brief oral treatment. Mention should also be made 
of Tibatin, which proved very effective in the attack on 
severe streptococcus infections, puerperal fever, and 
otogenic meningitis. Domagk was particularly en- 
thused by the finding that Marfanil and its derivatives 
are active against anaerobic organisms. 

His original hope of producing a preparation with 
highly specific action against each class of germs pre- 
supposed an accurate bacteriological diagnosis for each 
course of treatment. Since this was hardly feasible, a 
search was made for a combination of sulfonamides 
whose polyvalent action would be as wide as possible. 
Among many such combinations, produced by the 
team Domagk, Klarer, Mietzsch, was Supronal, which 
is the most versatile preparation of the sulfonamide 
group with respect to its chemotherapeutic polyvalence 
and efficacy. 

Since their discovery, the sulfonamides have con- 
quered many diseases and saved innumerable patients. 
Formerly, it was usual for 100 women to die each year 
in an average city from childbed fever or septic abortion, 
but the mortality from these causes is now practically 
nil. Statistics show that in England at least 10,000 
children have been saved who formerly would almost 
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certainly have succumbed to meningitis epidemica. 
Today it is mostly the old, whose circulatory systems 
are deteriorated, who die of pneumonia, the annual 
toll of which used to be 50,000 in Germany alone. 
Dysentery has lost its terror not only to the individual] 
but as a pestilence. 

Is it surprising then that the 1939 Nobel Prize for 
medicine was awarded to Domagk? However, because 
of the regulations imposed by the Nazi régime, he was 


forced to decline the award, but the whole world never- - 


theless honors him as one of its great benefactors. 

The discovery of the sulfa drugs laid the foundation 
for the antibiotics. For the most part, the latter are 
still obtained from molds, but the chemist of the 
future will, in all likelihood, be able to supplant this 
biological method of preparation, as is already true in 
the case of chloromycetin. 

After the successes with the sulfonamides against so 
many bacterial infections and also several virus in- 
fections, it was but natural that Domagk should turn 
his attention to tuberculosis, ‘the white plague.’”’ He 
had worked on the problem for more than 25 years, and 
in 1940 made the surprising discovery that among the 
sulfonamides only sulfathiazol, 


which was then being used quite widely in the treat- 
ment of gonorrhea, had a specific effect against the 
tubercle bacillus. He reported this finding at Vienna 
in 1940, but the announcement received little attention, 
and in truth the effect was too slight to produce reliable 
therapeutic results. In 1941 he pointed out the some- 
what stronger action of the thiodiazol compounds, such 


s— 


HN 


The precursors of these compounds were the first 
thiosemicarbazones, which were found to have still 
greater effect. Consequently, at Domagk’s suggestion, 
R. Behnisch, F. Mietzsch, and H. Schmidt prepared, 
in systematic manner, hundreds of thiosemicarbazones. 
The most active of them were: 


TbIorConteben CH,CONH CH=N-NHCG-NH; 
<> 
TbII  CH,O <> CH=N-NHC-NH, 


A further decisive step forward was accomplished 
when Domagk found that the hydrazones (prepared by 
H. A. Offe and W. Siefken) of aliphatic and aromatic 
carboxylic acid hydrazides had a stronger tubercu- 
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lostatic action, just as in the case of the hydrazoneg and | 
of the aminothiocarbonic acids, the thiosemicarbazones§ Thios 


The hydrazides of isonicotinic acid attained a specis 
importance. 

In September, 1951, Domagk delivered a lecture g 
the International Chemical Congress and presented 
the following comparison to show the superiority 9 
these hydrazones over PAS and Streptomycin. The 
bacilli of the humanus and bovinus type were grown on 
a Hohn egg nutrient with the addition of 1:10,000 para- 


amino benzoic acid as growth factor. The restraining } 


actions were: 


Streptomycin....... 1:100,000 
Thiosemicarbazoness. 1:1,000,000 
Hydrazones......... 1:10,000,000 
In a lecture at Washington, D. C., a few days later, 
Domagk proposed that these materials are so effective 
because isonicotinic acid hydrazide and the others, by 
virtue of their close chemical relationship, can replace 
nicotinic and isonicotinic acid, which he regards, like 
para-aminobenzoic acid, as growth factors for tubercle 
baccili. The experimental bases of the chemotherapy 
of tuberculosis with isonicotinic acid hydrazide and its 
hydrazones were given in April, 1952, at Wiesbaden at 
the convention of German internists. 
Accordingly, in logical fashion, the history of the 
development of isonicotinic acid hydrazide and its 
hydrazone was: 


CH,CONH < CH=N-NH-CSNH: Conteben 


Marked in vitro te- 
acilli; but failure 
< CONE-NH, in animal trials. 

Very high in vitro re 

CONEN =CH straint, but too toxic 
and therefore fails in 

animal experiments. 

CONH-NH. 
N High arresting values in 
typus humanus and 
typus bovinus. Also 
NZ better in animal 


Streptomycin, and 
Conteben. 

This field is of course being intensively cultivated at 
Wuppertal-Elberfeld and in many other laboratories. 
Efforts are directed at finding tuberculostatic drugs 
which can be well tolerated by the patient. Domagk, 
on the basis of experimental findings, believes that 
several hydrazones of INH, namely, the meta- and the 
para-hydroxybenzal derivatives, are more effective than 
the parent compound because they are tolerated better. 
The animal experiments indicate that the best course of 
treatment will possibly consist of a combination of INH 
and Conteben, or an alternating treatment with these 
two. 

Professor Domagk has published freely, mostly in the 
medical press. His results have been largely summa- 
rized in his ‘Pathologische Anatomie und Chemo 
therapie der Infektionskrankheiten” (Stuttgart, 1947) 
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and his ‘‘Chemotherapie der Tuberkulose mit den 
Thiosemicarbazonen” (Stuttgart, 1950). 

Honors have come to him in full measure. Besides 
the Nobel Prize, he holds the Cameron Prize (1938) of 
the University of Edinburgh and the Klebelsberg Prize 
of the University of Szeged. He made an extended trip 
through South America in 1949-50 and received honor- 
ary doctorates at Lima, Cordoba, and Buenos Aires, 
and was also made a Commander of the Peruvian 
Order of the Sun. In July, 1950, at the International 
Medical Congress at Verona, he not only received the 
title of Honorary Citizen but also had the exceptional 
experience of having his head on the commemorative 
medal issued by the Congress. He also holds honorary 
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doctorates of the Universities of Miinster and Bologna 
and honorary membership in the Pharmaceutical 
Association of Benares. 

Despite all his successes and honors, Professor 
Domagk remains a modest, kindly person. He 
attributes his successes not only to the courage with 
which he attacked problems which others considered 
to be without much hope, and not only to diligence and 
persistence, but especially to systematic collaboration 
with his chemical colleagues. He has said: “I am con- 
tinuing my work in the field of chemotherapy, although 
I know that in all probability I will never be able to 
help as many people as will possibly be annihilated by 
a single atom bomb.” 


SOLUTION TO A PROBLEM ON THE ENERGIES OF MOLECULES' 


SINCE our aim in the problem is to find that energy 
at which there are the most molecules, the correct ap- 
proach is the third one of those we discussed, in which 
f(E)dE is maximized for a constant energy interval dE. 
The result of this operation yields the proper value of 
the most probable energy, '/2 kT’. 

The Boltzmann function, Nz/No = 
correct for the ratio of populations of any given single 
states at given energies, but to be applicable to this 
problem, a modification to include the number of 
states at each energy level, that is, the degeneracy of 
the level, has to be made. In this case, there are a 
great many states at energy EF,” so many states, in fact, 
that there is more than compensation for the fact that 
e~*/kT shows exponential decrease -with increasing 
energy. If this degeneracy is taken into account, we 
can derive f(E)dE properly, and find it agrees exactly 
with the relation derived from the Maxwell-Boltzmann 
function. 

The most probable speed, which was determined 
from the Maxwell-Boltzmann distribution of speeds, 
is, of course, correct for the constant interval dv. How- 
ever, when we consider energies we must maximize 


1 For the statement of the problem, see J. Cuem. Epuc., 30, 
579 (1953). ‘ 

*See Mayer AND Mayer, “Statistical Mechanics,” John 
Wiley & Sons, Inc., New York, 1946. p 55. 
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f(v)dv with respect to a constant energy interval dE. 
This condition modifies the function somewhat, and, 
as we note, gives a different value for the most probable 
energy. 

Mathematically stated, to determine the most prob- 
able energy we maximize f(v)év with respect to a con- 
stant energy interval 62, and hence wish to maximize 
f(v)bv/bE. 

This can be modified as follows: 


f(v) bv f(v)iv 


Sr) 
6E (O0E/dv) v 


which is the function that we must maximize, and we 
may do this by differentiating with respect to either v or 
E as the independent variable. The relations at E, 
will therefore be 


2 
(32) @ - s@ =0 

If (0?E/dv*) = 0, then the most probable v and the 
most probable energy occur at the same point. Here, 
however, that is not the case, and the most probable 
energy occurs at '/,k7', while the most probable speed 
corresponds to an energy of kJ. The author is in- 
debted to Dr. H. A. Bent for the clear, concise, math- 
ematical statement of the reason for the above be- 
havior. 
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e POLICIES ON CHEMISTRY DEPARTMENT FEES 


A canvass of 160 different college and university 
chemistry departments regarding policies on student 
laboratory and breakage fees, together with methods 
of keeping records and refunds on student breakage, 
has yielded several interesting observations. 

Included in the schools queried were 24 state uni- 
versities, 28 state colleges (including teachers’ colleges), 
43 privately operated institutions, 54 schools under de- 
nominational control, six operated by municipalities, 
two under federal control, and three junior colleges. 
The total undergraduate enrollment varied from a max- 
imum of 16,100 in one state university to a minimum of 
360 in one of the denominational schools. 

Staff members and/or chemistry stockroom superin- 
tendents were questioned regarding the following items: 
(a) policy used in purchasing laboratory apparatus and 
chemicals (pooled by school or individually by depart- 
ments); (b) laboratory fees charged for chemistry 
courses; (c) breakage fees required for chemistry courses; 
(d) method(s) used for maintaining records for indi- 
vidual breakage assessed; and (e) refund procedures 
used in the event that a student did not break an exces- 
sive amount of equipment during a school term or year. 

Information gained in this study indicates the fol- 
lowing as general conclusions: 

(1) The majority of the schools (state universities 
excepted) do not “pool” their requirements to achieve 
lower cost prices. 

(2) Approximately one-half of all schools contacted 
do not have either a laboratory fee or a breakage fee. 
The highest laboratory fee assessed is $22 per course 
per semester (at a private school). This same institu- 
tion has a breakage fee of $10 per course per semester. 
Certain of the schools which have no breakage fee, 
as such, bill each student for the cost of his breakage 
at the end of each term. A small number of schools 
have a C.O.D. policy for each item of apparatus ob- 
tained from the stockroom. 

(3) In evidence is a definite trend to include the 
laboratory fee as an integral part of the general tuition 
fee. Thus the cost differential often associated with 
physical-science courses as compared with other non- 
science courses is reduced and sometimes virtually 
eliminated. 

(4) The average laboratory fee of those schools 
having such a charge was $10.24, while the correspond- 
ing breakage fee was $5.24. 

(5) Some schools do not require a breakage deposit 


1 Present address: East Tennessee State College, Johnson 
City, Tennessee. 


DOUGLAS G. NICHOLSON’ 
Fisher Scientific Company, Pittsburgh, Pennsylvania 


“as such, but have each student deposit a fund as a 


“contingency” fee. This deposit covers library fines, 
laboratory breakage, and such items as dormitory 
damage and, in effect, serves as a breakage deposit. 

(6) Approximately one-third of the schools charge 
the student the list price of each item according to a 
current apparatus catalogue. This represents a slight 
mark-up over the cost of the item to the institution 
Approximately one-third of the schools dispense the 
apparatus to the student at the actual cost to the in- 
stitution, while the remainder dispense the apparatus 
to the student at a cost slightly above the catalogue 
price. 

(7) There is no relationship between the size of an 
institution and the amount assessed the student for 
apparatus. 

(8) Many schools are experiencing difficulty in 
maintaining accurate records on student breakage. 
Some state that the time and effort required in such 
work does not justify the end gained. Several schools 
are rounding off the breakage cost of freshman labora- 
tory chemistry courses and are charging a flat breakage 
fee ranging from $1.50 to $2.00 per term. Thus the 
need for costly record-keeping is eliminated. It is 
generally believed that record-keeping on breakage in 
advanced courses is justified. One school has elimi- 
nated:all breakage records entirely because ‘a total of 
320 students broke a total of $215 in apparatus in an 
academic year.” 

(9) In certain schools where “pooled” buying is 
used, apparatus is transferred from the general stock- 
room to a departmental stockroom at a 5-10 per cent 
mark-up. This increase is justified on the grounds that 
personnel in the general stockroom may accidentally 
break some items, and also that at times certain items 
of equipment may become obsolete for use even after 
being stocked in the general stockroom. 


SUMMARY 


A canvass of laboratory and breakage-fee policies in 
160 colleges and universities indicates that: (a) lab- 
oratory fees for chemistry courses are being either elim- 
inated or absorbed in general tuition fees; (b) many 
schools are eliminating or are making flat-rate breakage 
assessments for general chemistry courses; and (c) rec- 
ord-keeping on detailed individual student breakage is 
a costly procedure that is causing concern in many 
schools. Punch cards, C.0.D. replacement charges, 
and elimination of breakage fees are being used as alter- 
nate procedure: ‘n many institutions. 
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PRACTICAL use of the measurement of the conductance 
if electrolytes is the determination of titration end 
hoints in reactions involving neutralization, precipita- 
ion, or complex formation. These conductometric 
itrations are described in many laboratory manuals 
nd textbooks for undergraduate students of quantita- 
ive analysis and physical chemistry. Most descrip- 
ions of apparatus involve the Wheatstone bridge 
ircuit. This circuit is so universally described that 
hemistry students often get the idea that resistive 
npedance bridges are the only kind of useful bridge cir- 
uits. Another kind of bridge circuit was introduced in 
he physical chemistry laboratory at Iowa State College 
o help do away with this notion. The new circuit 
volves inductive impedances in one leg of the bridge. 
t has the advantages of simplicity, low cost, and 
daptability to a variety of conditions. 

R. S. Barnes! used a similar bridge circuit in a 
urnace-temperature controller. An adaptation of this 
ircuit for conductometric titrations appears in Figure 1. 
f an alternating current is applied to the bridge, 


2 of an 
ant for 


ty in 
akage. 
n such 
schools 
labora- 
eakage 


us the falance is achieved at the point at which a 180° phase 
It is Bhift occurs. This appears on the cathode ray oscillo- 

cage in Bcope screen as a straight line. The cell resistance is 
elimi- Bbtained from the relationship 

otal of R 

in an (1) 


t is not necessary to know the absolute values of Z, 
nd Z, since only their ratio appears in equation 1. In 
ractice, the autotransformer was mounted using a 
ircular scale marked 0-100 and graduated in units. 
hus when balance has been achieved Z, equals the 
ale reading while 


Z, = (100 — Z;) 
he conductance of the cell was calculated from the 
mplified expression . 


R(100 — Z;) 
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The innovation was completed with a simple, in- 
pensive conductance cell which is well suited for 
trations. The cell consists of a T constructed of 
brge-bore glass tubing and fitted with graphite elec- 
odes held in place by rubber stoppers. The electrodes 
ere turned from solid graphite rods one-half inch in 
iameter. They were saturated with paraffin before 
se and the faces were scraped across a fine mill file 


‘Barnes, R. S., J. Sci. Inst., 28, 89-92 (1951). 


A NEW BRIDGE CIRCUIT FOR 
CONDUCTOMETRIC TITRATIONS 


HARRY J. SVEC 
Institute for Atomic Research, and Iowa State College, 


Ames, Iowa 


R = 300 ohms, carbon, 
| watt 
© 2Z-=Powerstat,Model 10 


cathode 
ray 
oscilloscope 


Figure 1 


after paraffining to insure a conducting electrode 
surface. Electrical connection to the electrodes was 
by means of alligator clips. No difficulties because of 
electrode polarization were experienced when 400 and 
1000 cycle a.-c. sources were used in the titrations. 
During titrations the solutions were stirred thoroughly. 
Care was exercised to prevent vortex formation, which 
would causeerraticresults. A diagrammatic representa- 
tion of the cell appears in Figure 2. 


stirrer. 
rubber 
stopper graphite 


Figure 2 


The apparatus was tested by undergraduate physical 
chemistry students in the following manner. Solutions 
of HCl, CH;COOH, H;BO;, and (COOH), were prepared. 
These solutions were approximately0.1N exceptthe HCl, 
which was further standardized with anhydrous Na2COs. 
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Twohundred milliliters of each acid solution were titrated 
with 2 N NaOH which was freshly prepared by each 
student from a saturated solution. The base was first 
standardized against the HCl and then the other acids 
were titrated. Since the volume of acid was large and 
the heat liberated in the reactions not great, it was not 
necessary to thermostat the cell. The results of the 
students were compared. Except for cases where a 
student was known to have made a serious error, the 


average deviation of all results was less than 1 per cent.’ 


As an additional check on the method, the students 
made up solutions of NH,OH and titrated the acids. 
The same degree of precision was obtained with these 
weak base titrations. Plots of the data for the various 
acid-base systems involved are typical conductometric 
titration curves. 

The author has checked the apparatus with precipita- 
tion, complex formation, and salt-acid reactions. The 
results of these experiments indicate that the graphite- 
electrode cell is adaptable to all the common aqueous 
titration systems. Some preliminary work indicated 
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that this cell is also feasible for nonaqueous systems 
especially where conventional platinum electrodes cap. 
not be used. No quantitative data are available 
present. 

The inductive impedance bridge is well adapted fo 
student use. When readily available commercial auto 
transformers are used, the bridge is inexpensive an( 
ruggedly constructed. This paper reports on the use o 
commercial autotransformers only, for which thé 
precision of balancing the bridge is +0.5 per cent 
This precision could be improved with an inductor con 
sisting of copper wire wound on a long iron wire corgin Vv: 
and employed as a straight slide wire impedance. Suclgfeduce 
a slide wire might readily be encased in the housing fogSever 
a multi-turn helical potentiometer. If the housing of gin ger 


In 


ten-turn potentiometer were employed along with gas ch 
@arrive 


commercial multi-turn dial, bridge balance should 
reproducible to less than 0.1 of 1 per cent.? 
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2 The author has obtained such a ten-turn, helical inductane 
on special order from the Ford Engineering Co., Upland, Calif. 


TWO new examinations are featured in the national college test- 
ing program of the Examinations Committee of the A. C. S. 
Division of Chemical Education. 

General Chemistry Test, Form K, is the new test in general 
chemistry. It has been constructed by Dr. Conrad Ronneberg, 
of Denison University, and 15 collaborators. The items selected 
by the committee have been further appraised by a group of 30 
teachers throughout the country in colleges and universities. 
Items in it have been checked for validity under actual classroom 
conditions. This test should prove to be a very valid one for 
measuring achievement in freshman chemistry and as a profici- 
ency test for advanced students. 

Biochemistry Test, Form K, is the other new test. It was 
constructed by Dr. Gordon H. Pritham of Pennsylvania State 
University with a committee of 18. The items in this test are 
distributed on the basis of a survey of courses in biochemistry and 
include items on new fields such as antibiotics and chemotherapy. 
It should prove a thorough test for both one-semester and two- 
semester courses. 

These two tests are a part of the spring testing program spon- 


A. C. 3. EXAMINATIONS COMMITTEE ANNOUNCES TWO NEW TESTS THIS YEAR 
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sored by the Examinations Committee. 
following tests are featured: 

General Chemistry: Form 1948, Form Z, Form G, Form } 

(new test). 

Qualitative Analysis: Form Y, Form H, Qual. Supp. Form 

Quantitative Analysis: Form X, Form Y, Form G. 

Organic Chemistry: Form Y, Form H. 

Biochemistry: Form X, Form Z, Form K (new test). 

Physical Chemistry: Form W. lassifi 

Further information and copies of the tests may be obtaine 
from Dr. Theo. A. Ashford, Committee Chairman, St. Loui ent of 
University, St. Louis 4, Missouri. Limited copies of oid@§ 1 po, 
examinations are available in addition to the tests featured in thy) ..on, 
testing program. Coc 

The Examinations Committee Testing Program has showgy p 
much growth in recent years. Over 47,000 students in 448 col 5_17'(, 
leges and universities in the United States and several foreigh)3 54: 
countries were tested under this program last year. Many mo 1951): 
are expected to participate this year with the publication of th 1951). 
new tests. >The 
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Ix necENT years a number of articles have appeared 
in various journals ranking institutions of higher 
education in order of their success in training scientists. 
Several of these studies were concerned with scientists 
sing of gin general, while others dealt with a specific science such 
with gas chemistry or physics.? Essentially, these studies 
ould b@arrived at their ranking by determining the proportion 
of male graduates earning a Ph.D. in science. 
In the opinion of the writer this is an unrealistic and 
unreliable method of determining the efficiency of an 
institution in training scientists. An index based on 
total enrollment or total male graduates includes so 
many people without training, contact, or interest in 
science that it becomes almost meaningless. An index 
of this nature depends to a large extent on the number 
of curricula offered by the institution. This factor 
gives a great advantage to the colleges, since their total 
umber of male graduates does not include graduates 
from professional courses such as engineering, business 
administration, orlaw. This fact may be illustrated by 
onsidering the proportion of graduates with chemistry 
najors from each of the various groups of institutions. 
In the academic year 1948-49, 1.9 per cent of the 
baccalaureate graduates from universities majored in 
hemistry. The percentage from colleges was over two 
und one-half times as great, with 4.9 per cent. The per- 
entages for teachers colleges and technical schools were 
1.8 and 1.4, respectively.* There is also considerable 
lifference among individual institutions in the same 
fPlassification. In the school year 1948-49, 25.3 per 
ent of male graduates of Hope College were chemistry 
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d, Calif. 
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* Cooper, J. N., Am. J. Phys., 20, 200-2 (1952); Goopricn, 
. B., R. H. Knapp, anp A. W. Borum, Sci. American, 185, 
5-17 (July, 1951); Knapp, R. H., anp H. B. Goopricu, Science, 
13, 543-45 (1951); Lewis, H. F., J. Cuem. Epuc., 28, 104-7 
ond Lewis, H. F., Journal of Higher Education, 22, 297-304 
1951). 

‘The data used to determine these percentages were obtained 
om the U. S. Office of Education, ‘Earned Degrees Conferred 
Educational Institutions 1948-49,’’ Circular No. 262, 
p. 23-9. 

Institutions classified as universities consisted of a liberal arts 
ollege and at least two professional schools. All other institu- 
tons which offered a liberal arts course were classified as colleges. 
A few institutions classified as colleges also offered professional 
ourses in one field. Institutions classified as technical and teach- 
rs colleges did not offer liberal arts courses. The type of offering 
br each institution was determined from the 1936 edition of 
American Universities and Colleges” and the 1933-34 edition 
the “College Blue Book.” 
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INSTITUTIONAL INFLUENCES IN UNDERGRAD- 
UATE TRAINING OF PH.D. CHEMISTS 


B. R. SIEBRING! 
Syracuse University, Syracuse, New York 


majors. In the same year only 1.5 per cent of male 
graduates from Swarthmore were chemistry majors.‘ 

Because of these factors it seemed to the writer that 
the only index which would be reliable in measuring the 
efficiency of an institution in the undergraduate training 
of scientists must be based on the number of 
baccalaureate graduates with a major in the science 
being considered. With this in mind, a study was 
undertaken to determine what proportion of the 
chemistry graduates of individual institutions obtained 
a doctorate in chemistry or biochemistry. 

A study of this nature entailed a search for two types 
of data. First, it was necessary to determine a source 
which would give the baccalaureate origin of chemistry 
doctorates by institution. Second, it was necessary to 
determine by institution the number of chemistry 
baccalaureate graduates for the years in which these 
chemistry doctorates completed their undergraduate 
training. 

The first part of this search ended with the Trytten 
report. This study determined the baccalaureate 
sources of individuals awarded the doctoral degrees in 
the sciences in the United States during the decade 
January 1, 1936, to December 31, 1945, inclusive. A 
study related to the Trytten report has been previously 
published in TH1s JoURNAL.® 

The Research Staff on Scientific Personnel of the 
American Council on Education has found that the 
typical number of years between bachelor’s and doctor’s 
degrees for scientists was four.’ Therefore, the years 
1932-41 were accepted as the years during which the 
majority of the 1936-45 chemistry doctorates received 
their baccalaureate degrees. 

The search for a single source which could give the 
number of chemistry baccalaureate degrees by in- 
stitution for these years was a futile one. The only 
possible sources for such information were the colleges 
themselves. A questionnaire was prepared, asking the 
heads of chemistry departments of the respective in- 


+ Data used to determine these percentages were obtained from 
the U.S. Office of Education, op. cit. 

5 National Research Council, Office of Scientific Personnel, 
“The Baccalaureate Origins of the Science Doctorates Awarded 
in the United States 1936-1945,” National Research Council, 
Washington, D. C., 1948. 

6 Lewis, H. F., J. Cuem. Epuc., 28, 104-7 (1951). 

7 American Council on Education Research Staff on Scientific 
Personnel, ‘‘The Production of Doctorates in the Sciences; 
1936-1948,”’ American Council on Education, Washington, D. C., 
1951. 
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stitutions to supply this information. With each 
questionnaire a letter was enclosed explaining the 
purpose and value of this study and emphasizing the 
fact that all graduates which the institution considered 
as having a chemistry major should be included. No 
attempt was made to define a chemistry major; this 
was left to the individual institution. 

During this period many chemistry majors did not 
plan a career in chemistry but were looking toward 
medicine or secondary-school teaching as a life work. 
The index would probably have been more reliable if it 
could have been based only on those people who were 
majoring in chemistry and planning to make it their 
life work. It was decided, however, that to specify a 
narrower field for a period so far back would have re- 
duced the per cent of return considerably. Therefore, 
in order to make the replies uniform, it was necessary 
to emphasize that all chemistry majors should be 
included. 

Institutions to which this questionnaire was sent 
were in one or more of the following categories: 

(1) Institutions which provided the undergraduate 
training for five or more chemistry doctorates granted 
in the 1936—45 period as determined by Trytten.® 

(2) The 50 most productive schools in the training of 
scientists as determined by Knapp and Goodrich.® 

(3) Schools approved by the American Chemical 
Society. 

(4) The 27 most productive liberal arts colleges as 
determined by Lewis." 

It was decided to limit the questionnaires to those 
institutions which had provided the undergraduate 
training of five or more doctorates, in order to reduce the 
mailing expense. In all probability those institutions 
which provided the undergraduate training for less than 
five doctorates would not rank very high on a rating 
scale based on the number of chemistry graduates. It 
is possible, however, that there are some institutions 
which provide excellent chemical training for a very 
small number of students. 

All but 12 universities out of the 122 listed by the 
Trytten report were included in one or more of the 
above categories; 27 out of the 41 technical schools 
were included. There were, however, 230 colleges and 
52 teacher-training institutions which provided the 
undergraduate training for less than five chemistry 
doctorates. 

The percentage of return on this questionnaire was 
unusually high. Eighty-five per cent of the institu- 
tions replied, with 66 per cent providing the requested 
information. By using this information the institu- 
tions could be ranked according to the ratio of doctor- 
ates in chemistry and biochemistry granted to each 
institution’s baccalaureate graduates in the decade 
1936-45 to the number of bachelor’s degrees granted to 
chemistry majors by the institution during the decade 


®National Research Council, Office of Scientific Personnel, 
op. cit., pp. 20-60. 

9 Knapp, R. H., anp H. B. Goonricu, Science, 113, 543 (1951). 

10 Lewis, H. F., J. Cuem. Epuc., 28, 106 (1951). 
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1932-41. 
Table 1. 

On comparison of the ranking presented in this 
table with the ranking of the Knapp and Goodrich 
study, one finds there is a small positive correlation, 
Of the 36 institutions which are included among the 
top 50 as determined by Knapp and Goodrich and 
are also included in this study, only 15 rank among¥- 
the top 50 in Table 1. Probably the most prominent” 


The top 50 of this group are presented jn 


‘difference between these rankings is that this study{iculi 


places many more universities and technical schools{U0 
among the top 50. The top 50 schools in the Knapp 
and Goodrich study consisted of 38 colleges, nine 
universities, and three technical schools, while the top 
50 institutions in Table 1 consist of 21 colleges, 19 
universities, and ten technical schools. 

The correlation of the liberal arts colleges with the 
Lewis study"! is somewhat greater. Here 12 of the 21fMont 
colleges which are among the top 27 producers ofgCath 
chemists according to Lewis are among the top 27 in fowa 
this study. Renss 

The low correlation with the Knapp and GoodrichfU2v« 
study might be attributed in part to the fact that Knapp to 
and Goodrich included all natural scientists while thisgUnive 
study was limited to chemists and biochemists. In the _ 
Lewis study, however, where the same type of index wasfKeny; 
used for chemists and scientists in general, a much closerfUnive 
correlation was obtained. He found that 20 of the top — 


27 producers of chemists were also among the top 27ff loon 
producers of scientists in general. Witte 

It seems more likely that the low correlation in both eer 
instances is a result of the difference in indexes. While§Georg 
the indexes used in this study are based only on thefr 
baccalaureate graduates who majored in the same fieldffrego 
as the doctorates in question, those of the other twog?enns 
studies are based on all baccalaureate degrees. —_ 

An index based on the total number of male graduatesfiowa | 
depends on two factors: first, on the proportion of male or 
students majoring in chemistry, and second, on thefnive 
proportion of chemistry majors who later earn a Ph.DJKansa 
The correlation of each of these factors with an indey ape 
based on the total number of male graduates was deter#Doane 
mined for a group of institutions for which the necessary ttaw 
data could be obtained. There was found to be #yon’ 
greater positive correlation between an index based olfHamli 
total male graduates and the proportion of malqf'#'va 
graduates who majored in chemistry than there wag «st 
between the index based on total male graduates and 4 
the proportion of chemistry majors who later earned th@ « ¢, 
doctorate in chemistry. It is probably safe to say thai§ ‘ Or 
a ranking which used an index based on total number 0 wr 
male graduates is influenced as much by proportion of « T; 
male graduates majoring in chemistry as it is by tha + 
proportion of graduates earning the doctorate. by ie 


Although the ranking of baccalaureate sources ¢ 
chemists as it appears in Table 1 eliminates some of tht 
defects of previous studies, it may be criticized on thath 
following points: 

(1) It is not complete; that is, only two-thirds of (2) 


11 Lewis, H. F., J. Cuem. Epuc., 28, 106 (1951). 
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nted in TABLE 1 

: Institutions Ranked by Ratio of Ph.D.’s in pe, A Biochemistry Granted Their 

in this Graduates, 1936-45, to B.A.’s Granted Their mistry Majors, 1932-41 

‘oodrich Grads. 

elation. to chem. Chem. Rank Year 

ong the Ph.D., grads., (1)/(2) from K.-G. ! 

1986-45 1988-41 100 (8) rank A.C. 8. Clase. 
ch an Institution 1) (2) (3) (4) (5) (6) (7) 
anon Rice Institute 24 30 80.0 1 1940 U 

ominent Hr niversity of Idaho 21 32 65.6 2 1940 U 
S study (California Institute of Technology 36 74 48.7 3 2 1940 T 
schools{lniversity of Notre Dame 40 96 41.7 4 cn 1940 U 

alvin College 9 22 40.9 5 ie ae Cc 

Knapp[Kwarthmore 21 53 39.6 6 33 1940 
2S, nine§Massachusetts Institute of Technology 72 182 39.6 6 a 1940 7 
the top Olaf College* 27 71 38.0 7 23 1947 Cc 
PiePauw University 44 116 37.9 8 8 1941 C 

eges, 19Bpberlin College 56 150 37.3 9 5 1940 Cc 

. arnegie Institute of Technology , 194 T 
vith thelf\i:hama Polytechnical Institute 15 45 33.3 12 1946 T 
of the 21§Montana State College? 30 90 33.3 12 24 1940 T 
cers ofgcatholic University of America 14 43 32.6 13 St 1940 U 
~ . §Utah State Agricultural College 19 59 32.2 14 25 1947 U 

oP 27 inffowa State College of A. & M. Arts 65 203 32.0 15 a 1940 T 
ensselaer Polytechnic Institute 29 91 31.9 16 1940 _ 

Joodrich Jniversity of Wisconsin 138 436 31.6 17 45 1940 U 
lorida Southern College 6 19 31.6 17 Cc 

t Knappfivabash Colle 18 57 31.6 17 36 1941 C 
hile this@University of Utah 34 108 31.5 18 on 1940 U 
In th \ebraska Wesleyan University 5 16 31.3 19 9 ase Cc 

1 WheRniversity of Pittsburgh 43 139 30.9 20 1941 U 
was{fKenyon Colle 7 23 30.4 21 1948 Cc 
ch closerqUniversity of Illinois 228 786 29.0 22 rn 1940 U 

Antioch College 20 69 29.0 22 11 1947 C 
f the top eorgetown College 8 28 28.6 23 ee ae Cc 
e top 27fHiram College 15 53 28.3 24 41 2 Cc 
jvansville College (Ind.) 7 25 28.0 25 C 
Wittenberg College 12 43 27.9 26 
1 in bothiiteed College 15 55 27.3 27 1 1941 c 
While§Georgia Institute of Technology? 9 34 26.5 28 1944 = 
theptate College of Washington 20 79 25.3 29 1941 U 
y ON Ute niversity of Texas 50 202 24.8 30 1940 U 
ame fieldfidregon State College 27 113 23.9 31 1941 U 
ther twogPennsylvania State University’ 99 415 23.9 31 1940 U 
fonmouth College 26 109 23.9 31 1948 C 
artmouth College 33 143 23.1 32 nh 1940 Cc 
raduatesflowa Wesleyan College 10 44 22.7 33 10 <p Cc 
1 of maleichigan College of Mining & Tech- 
nology 5 22 22.7 33 1947 
, on thelvniversity of Chicago?” 124 575 21.7 34 16 1940 U 
a Ph.DJKansas State College of Agriculture and 
an indew, Applied Science 26 120 21.7 34 1940 i 
“Plniversity of Kentucky 27 126 21.4 35 1946 U 
ras deter#oane College 6 28 21.4 35 
necessarygttawa University 6 28 21.4 35 C 
he fontana State University 17 80 21.3 36 “en 1950 U 
to Yorthwestern University* 30 143 21.0 37 , 1940 
based olfHamline University 8 39 20.5 38 
of mal arvard University 73 377 19.4 39 i 1940 U 
here wa ° St. Olaf College reported that 30 of the 71 chemistry graduates during the period had earned the doctorate in chemistry. 
rates an > The number of baccalaureate degrees includes those who received their degrees in industrial chemistry. 
h © The total baccalaureate degrees includes 135 B.S.’s in chemistry and 68 in chemical technology. 
arned tha « Georgia Institute of Technology was formerly known as the Georgia School of Technology. 
» say thai ‘ Oregon State College listed the number of baccalaureate degrees for only eight of the ten years. The number 123 was obtained 
umber off” multiplying the average of these eight years by ten. 

; ! The number of baccalaureate degrees includes the majors from both chemistry departments at Pennsylvania State University. 
yortion 0 * The University of Chicago listed the number of baccalaureate degrees for only six of the ten years. The number 575 was ob- 
is by th@#ained by multiplying the average for these six years by ten. ; 

* Northwestern University listed the number of baccalaureate degrees for only eight of the ten years. The number 143 was obtained 
y multiplying the average for these eight years by ten. 
ources 
me of th 
ed on th@the institutions credited as the source of five or more majors, such as chemical engineers, may earn the 
hemistry doctorates are included in this study. , doctorate in chemistry. There are no data available to 
-thirds o§ (2) This ranking does not take into account the fact determine what fraction of chemistry doctorates did 


hat baccalaureate graduates other than chemistry their undergraduate work in fields other than chemistry. 
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TABLE 2 


Composite Ph.D.-Bachelor Ratio for Each Group of Insti- 


Ph.D. in chemistry in 1932-41 decade. 
which does not appear in the table. 


tutions 
Grads. to 
No. of chem. Chem. 
insti- Ph.D. grads. (2)/(3) 
tutions 1936-45 1982-41 X 100 
Type of institution (1) (2) (3) (4) 
Universities 71 2153 13,982 15.4 
Grant Ph.D. in chem.* 40 1786 10,807 16.5 
Do not grant Ph.D. in 
chem. 31 367 3,125 11.7 
Colleges 96 983 9,374 10.5 
Technical schools 18 - 379 1,773 21.4 
Grant Ph.D. in chem.* 5 227 612 37.1 
Do not grant Ph.D. in } 
chem. 13 152 1,152. 13.2 
All institutions® 190 3548 25,741 13.8 
Grant Ph.D. in chem.* 47 2016 11,482 17.6 
Do not grant Ph.D. in 
chem. 143 1532 14,259 10.7 


@ Institutions placed in this category granted at least one 
> These data include five teachers colleges, a classification 


institution to institution. 


group, as shown in Table 2. 


However, it is generally believed to be very small. 

(3) There are many reasons for majoring in chemistry 
besides preparation for a career in chemistry. Many of 
the department heads indicated that a sizable pro- 
portion of their chemistry majors were premedical 
students. The proportion of chemistry majors who are 
not training to be professional chemists may vary from 


UNIVERSITIES, COLLEGES, AND TECHNICAL SCHOOLS 


In recent years much has been written about the 
relative success of these groups of institutions in the 
training of chemists and scientists in general. 

One way of comparing these classes of institutions is 
to determine a composite Ph.D.-Bachelor ratio for each 


Table 3 shows that the index calculated in Table 2 is 
fairly representative of universities, since nearly all of 
these institutions are credited with five or more chem- 
istry doctorates. The index is not quite as representa- 
tive of the technical schools, since only 61 per cent of the 
technical schools are credited with five or more doctor- 


S. Office of Education, “Earned 
(1948), pp. 81-94. 


ates by Trytten. 
TABLE 3 
Representation of the Various Groups in Table 2 
Univer- Technical 
sities Colleges —_ schools 
Credited with 5 or more doc- 
torates by Trytten 101 120 25 
- Included in this study 65 85 16 
Credited with less than 5 doc- 
torates by Trytten 21 201 16 
Included in this study 6 11 2 
One or more chemistry majors 
1947-48 U.S. O. E.* 130 572 23 


Conferred b 


Higher Educational Institutions, 1947-48,’’ Circular No. 24 
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Many colleges offer a chemistry major but are not dn 
included in this study. Since a very large percentage ol , 
of these institutions are credited with less than five a 
doctorates by Trytten, they would probably make the dat 
ratio for the colleges much lower than that in Table 2. " j 

From the data presented in the previous tables it Ma 
becomes evident that the groups of institutions rank in Ch 
the following order: 

(1) Institutions stressing technical training. 

(2) Universities. 

(3) Colleges. 

It is apparent that a greater percentage of the chem. Soc 
istry graduates of institutions offering doctoral work inf... 
chemistry earn the Ph.D. degree than do graduates o 
other institutions. This difference is greatest among be 
the technical schools, as those offering the Ph.D. in 
chemistry have the amazing ratio of 37.1, which far out 
ranks any other group of institutions. Universities 
offering the Ph.D. have a ratio of 16.5, which is only§.. 
slightly greater than the ratio for all universities. saat 

The ranking of these various groups of institutions or 
disagrees with the results of other investigators in this§ fp, 
field. Knapp and Goodrich found that with the excep | 
tion of certain agricultural schools, liberal arts colleges 
were the richest producers of scientists. Lewis rated 
the universities first, the colleges a close second, the 
teachers colleges third, and technical schools last; high 
The writers of the Steelman Report concluded that 
“.. . in proportion to their enrollment, the prominen 
universities sent very few of their undergraduates into 
scientific careers.’’}? 


VARIOUS FACTORS 


Geographical Location. In order to determine the 
relation of geographical location to productivity of 
chemists a composite Ph.D.-Bachelor ratio was calcu appr 
lated for each of the four major geographical regions Tt 
The Middle West had the highest ratio, followed by tha... 
West, East, and South in that order. 

Although the South is at the bottom of the majoj 
geographical divisions, it should be pointed out tha 
eight of the top 50 institutions in Table 1 are in th¢ 
South. Knapp and Goodrich listed only three souther 
institutions among the top 50. 

Private and Public Institutions. Upon comparison ¢ 
institutions by type of control no significant differenc4 
could be found between privately and publicly con 
trolled institutions. When the privately controlled 
institutions were classified as Protestant, Romaigh) 
Catholic, and non-sectarian, the last was found to bé Hepa 
the most successful. vebr. 

In contrast to the Knapp and Goodrich study thi | 
study showed that the Roman Catholic institutions d 
as well as or better than Protestant-controlled institu olleg 
tions. It should also be noted that several Catholit oe | 
institutions rank very high (Table 1). University o§ 
Notre Dame ranks fourth and Catholic University of, e' 

12 STEELMAN, J. R., “Science and Public Policy,’ U. S. ,, 


ernment Printing Office, Washington, D. C., 1947, Vol. IV, P bem 
146. ok ’ 
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America ranks fourteenth. Knapp and Goodrich 
placed no Catholic institutions among the top 50. 
Lewis ranked St. Thomas twenty-seventh in the pro- 
duction of chemists. 

Accreditation by the American Chemical Society. 
Many smaller colleges have felt that the American 
Chemical Society has discriminated against the small 
chemistry department. Certain findings of this study 
seemed to support this theory; other facts brought out 
by this investigation discredited it. 

Those findings which oppose the claim that the 


Society discriminates against the small chemistry de-. 


partment are: 

(1) The combined ratios of the universities and 
technical schools are considerably higher than that of 
the colleges. This applies both to A. C. S.-approved 
departments and to all departments in general. 

(2) The four universities included in this study 
which were not approved by the Society had a higher 
composite Ph.D.-Bachelor ratio than the composite 
ratio of the approved colleges. 

Facts brought out by this:study which support the 
claim that the Society discriminates against the small 
chemistry department are: 

(1) Nearly all universities are approved. Although 
the combined Ph.D,-Bachelor ratio for universities is 
higher than the combined ratio for colleges, the Ameri- 
ean Chemical Society has approved many universities 
with a low Ph.D.-Bachelor ratio. 

(2) For equal number of graduates per institution 
which earn the Ph.D. in chemistry a greater proportion 
of the universities and technical schools are accredited 
than colleges are. 

(3) For the same Ph.D.-Bachelor ratio a greater pro- 
portion of universities and technical schools are 
approved than colleges. 

Thirty colleges were identified with a Ph.D.-Bachelor 
ratio above 15.1, the combined ratio for A. C. S.-ap- 
proved institutions. On the basis of productivity, all of 
hese colleges should be eligible for approval; however, 
only 13 are approved. The two major differences be- 
tween these two groups of colleges were size and financial 
esources. The average enrollment was 424 for the 
onapproved colleges and 906 for the approved schools. 

he endowment per student for the approved colleges 
vas $5317 compared to $1690 for the nonapproved 
‘olleges. The tuition for the approved colleges was 
early $100 higher than for the nonapproved colleges.'* 

he nonapproved schools had much smaller chemistry 

lepartments: nine of them (Calvin, Florida Southern, 
\ebraska Wesleyan, Georgetown, Hiram, Evansville, 
owa Wesleyan, Doane, and Ottawa) had a one-man 
lepartment. Kenyon College was the only approved 
ollege with a one-man department. (Kenyon College 
ow has a three-man department.) These ten colleges 
have proved conclusively that a one-man department 
an effectively train professional chemists. 


" The statistics presented in this paragraph were calculated 
we data presented in the third edition of the ‘College Blue 


PER-STUDENT OUTLAY 


In evaluating or accrediting an institution of higher 
education, one of the things usually considered is its 
financial status. In this study it was attempted to 
discover the relation between the amount of money 
spent per student by the college and the proportion of 
chemistry graduates that earn the doctorate in chem- 
istry. 

The 1933 edition of the ‘College Blue Book’”’ lists the 
per-student college outlay. The editors of this book 
arrived at these figures by dividing the total operating 
cost per year by the number of enrolled students. '* 

In determining the correlation between per-student 
outlay and Ph.D.-Bachelor ratio, the institutions were 
classified according to type and geographical location. 

A small positive correlation was obtained for the 
eastern and midwestern universities and eastern 
colleges. The correlation coefficients of the other 
groups were very near zero except for southern colleges, 
which have a small negative correlation coefficient. No 
trend could be detected when the data for these groups 
were plotted. 

In general the influence of per-student college outlay 
ranged from negligible to moderate, having the greatest 
influence on the eastern institutions and midwestern 
universities. 


FINANCIAL SUCCESS OF GRADUATES 


In the book “They Went to College” the authors 
classified institutions according to prestige and national 
recognition."* They found that graduates of institu- 
tions nationally recognized had greater financial success 
than graduates of institutions which did not enjoy a 
national reputation. These groups of institutions were 
compared as to their success in the training of chemists. 

All groups which have national recognition except 
the “famous eastern colleges” have a Ph.D.-Bachelor 
ratio above 13.8, the ratio for all institutions included in 
this study. The Big Three, which are top in financial 
success of their graduates, are surpassed by the tech- 
nical schools and the Big Ten in the proportion of 
chemistry graduates who earn the Ph.D. 


RATIO OF FACULTY TO GRADUATES , 


To measure the influence of teaching loads on the 
training of chemists, the correlation between the ratio 
of faculty to graduates and the Ph.D.-Bachelor ratio 
were determined. The graduate-faculty ratio was 
determined by dividing the average number of gradu- 
ates per year for 1932-41 by the number of chemistry 
professors; the latter number was taken from the 1936 
edition of “‘American Universities and Colleges.’’ '* 
Since the qualifications and duties of an instructor vary 
greatly between institutions, only faculty members 


14 BERTRAND, C. J., Director of Research, “The College Blue 
Book,” private communication. 

HavEMANN, E., anp West, P. ‘“‘They Went to College,” 
Harcourt, Brace and Co., New York, 1952, pp. 178-9. 

16 Marsu, C. S., “American Universities and Colleges,” 3rd 
ed., American Council on Education, Washington, D. C., 1936. 


with the rank of assistant professor or above were con- 
sidered. 

A moderately high inverse correlation was found to 
exist between the percentage of chemistry graduates 
who earned the Ph.D. and the number of chemistry 
majors per chemistry professor. 

Professorial Publications. The correlation between 
the number of articles per professor published in the 
Journal of the American Chemical Society and the Ph.D.- 
Bachelor ratio was found to determine the relationship 
between teaching productivity and research produc- 
tivity. 

Admittedly the number of articles published per pro- 
fessor in the Journal of the American Chemical Society is 
a very narrow measure of research productivity, as 
their research value is not uniform. One article may 
represent the same work as several other articles in the 
same journal. 

There are many other journals which publish chem- 
ical research papers; however, the Journal of the 
American Chemical Society is the most representative 
of all fields of chemistry. Also, it represents a large 
share of the academic research in chemistry in this 
country. The number of articles per professor was 
determined by counting number of articles accredited 
to each chemistry department in the 1932-41 volumes of 
the Journal of the American Chemical Society and divid- 
ing this number by the number of professors in the 
department; the latter figure was taken from the 1936 
edition of “American Universities and Colleges.”’!” 

Since instructors in many institutions have not com- 
pleted their training and are not ready to conduct in- 
dependent research, only those faculty members with 
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the rank of assistant professor or above were included, 

The correlation coefficient between these two ratios 
is +0.40 for those institutions which grant a Ph.D. in 
chemistry. If the institutions are classified into the 
four major geographic divisions, thus eliminating 
regional differences, the eastern and midwestern in- 
stitutions have correlation coefficients of +0.59 and 
+0.67, respectively. Since the number of institutions 


_which grant the Ph.D. in chemistry in the south and 


west is very small, correlation coefficients for those Ts 
regions were not calculated. ” 
These correlation coefficients are not high mathemati- a 
cally. They are probably as high as one could expect, tet 
however, if the number of factors influencing the pro- ae 
ductivity of an institution are considered. They show of 
that there is a definite positive relationship between = 
research productivity and teaching productivity in of ) 
institutions granting the chemistry doctorate. 
These results are essentially parallel to Casey’s study 
of research activity and quality of teaching in medics 


schools.'"* He found that a high inverse correlation 
existed between the percentage of failures of students on I 
state board examinations and the publications of 5 


faculty in leading national journals. Little relation 
ship could be found between these two ratios in inge” 


stitutions not granting the Ph.D. in chemistry. For » 
universities not granting the chemistry Ph.D., thé re 
correlation coefficient was only +0.15. mies 
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SUMMER SESSION OF THE INSTITUTE FOR THE TEACHING OF CHEMISTRY AT ST. LOUIS UNIVERSITY 


Tue fourth annual Summer Institute for Teaching of Chemistry, 
sponsored by St. Louis University, will be held this year from 
June 21 to July 30. 

Organized in 1950, the Institute is designed to meet the need for 
correlation between the fields of science and education. Until the 
founding of the Institute, the training of teachers was left to de- 
partments of education and related departments, which resulted 
in the neglect of the special problems confronting the chemistry 
teachers and left undeveloped the area of courses designed 
specifically for them. It was to correct this situation that the 
Institute for the Teaching of Chemistry was organized. 

The Summer Program offers four types of activity: (1) lecture 
courses, which are mainly of the survey type and consider both 
fundamental and advanced ideas in the major fields of chemistry; 
(2) seminar in problems of the teaching of chemistry, which 
treats such subjects as evaluation of student performance, methods 
of science instruction, and course content at various levels; (3) 
field studies, which include visits to industrial plants and labora- 
tories in order to observe current research and developments in 
industrial chemistry, and visits to institutions carrying on active 
research such as electron microscope work, microseismograph 


research, use of the cyclotron, and studies of jow-tempera : 
life; and (4) the special lectures. rhic 

The Special Lecture Program consists of a series of talks bposit 
recognized authorities in their fields, on subjects of interest toj]i< 
both teachers and the general public. Special lectures planne™ oldi 
for this summer include: June 30: ‘Difficult concepts in begit 
ning chemistry,” Dr. Grant W. Smith, Professor of Chemistgr{®' 
and Director of General Chemistry, Pennsylvania State Ungpf th 
versity; July 7: “How do we get scientific knowledge,’’ Georgi&tom 
P. Klubertanz, 8. J., Ph.D., Assistant Professor of Philosophi tom 
and Dean of the College of Philosophy and Letters, St. Lo ; | 
University; and July 14: ‘What the public should expect of ‘om: 
science teacher,” Dr. Hugh C. Muldoon, Professor of Chemisty" atc 
and Dean of the School of Pharmacy, Duquesne University—nidd) 
Editor of Science Counselor. ime | 

Although the Institute is part of the program of the Universi! 
which leads to the degree of Master of Science in the Teaching 
Chemistry, it is also open to high-school chemistry teachers wigp20U 
wish to spend the summer in review and further work in chemist hyd 
and teaching problems. 

Further information may be secured from Dr. Theodore : 
Ashford, Director of the Institute. 
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for those], rexrBooxs of organic chemistry F. A. Kekulé is 
_ [given the attention due to a giant of chemistry to whom 
themati-f -ience owes, among other things, the concepts of the 
d expect, .trahedral carbon atom and of the benzene ring. Most 
the pro-fexts also report in some detail that Kekulé conceived 
hey show ¢ the double bonds in benzene as oscillating around the 

between ring and of benzene, therefore, as a tautomeric mixture 


tivity infos two structures: 


It is interesting, and probably not widely known, 
that Kekulé did nothing of the sort. What he did was 
much more subtle and much closer to present-day ideas. 
It may therefore be useful to remove the crust of mis- 
nderstanding and to present to a modern audience 
vhat Kekulé really wrote in his famous paper “Uber 
einige Condensationsprodukte des Aldehyds’ (Ann. 
em., Justus Liebigs, 162, 77 (1877)). 

In this paper he reviews the several structures 
proposed by various investigators for benzene and puts 
orward the following argument in favor of his structure: 
1) It is as good as all other structures proposed in 
accounting for the formation of benzene from acetylene. 
2) It accounts better than other structures for the 
lationship of benzene to naphthalene and anthracene. 
3) It explains the addition of halogens to benzene. 
The one phenomenon which seemingly contradicts the 
‘ekulé structure is the nonexistence of ortho-disubsti- 
tion isomerism, and Kekulé devotes a considerable 
part of his paper to showing that his structure does not 
all for isomers of ortho-disubstituted benzenes. 

He bases his argument on a hypothesis of valence in 
which the oscillations of atoms around equilibrium 
positions within the molecule and their rhythmic 
ollisions with each other are looked upon as the forces 
holding the molecule together. In particular, Kekulé 
quates valence with the relative number, in unit time, 
Mf the collisions which an atom undergoes with other 
toms. In the same time in which the monovalent 
toms of a diatomic molecule collide once, the divalent 
toms of a diatomic molecule collide twice, and in a 
riatomic molecule (such as H—O—H or O=—=C=0O) the 
niddle atom suffers twice as many collisions in each 

_ _,/Bme unit as the other two atoms. 
poet Applied to carbon compounds this hypothesis 
hs wignounts to the statement that, during the time in which 
in chemist] hydrogen atom performs one full oscillation, two car- 
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KEKULE’S THEORY OF AROMATICITY 


ALEXANDER GERO 
Hahnemann Medical College, Philadelphia, 
Pennsylvania 


bon atoms held together by a single bond collide once 
with each other and once with each of six other atoms, 
two double-bonded carbon atoms collide twice with 
each other and once with each of four other atoms. 
(assuming that there are otherwise no multiple bonds in 
the molecules), and so on. 

In benzene, therefore, each carbon atom collides three 
times with its neighbor carbons during the time it 
collides once with the hydrogen atom it holds. Thus 
C, in the molecule 


(I) 


collides in the first period with the atoms C2, Cs, H, Cs, 
in this order; in the next period it collides with C., Ce, 
H, Ce, in this order. Hence during the second period 
the structure is 


(II) 


Therefore, whether any particular C—C bond in 
benzene is single or double depends on when we start 
counting time. This may perhaps be made clearer by 


the following chart: 


Time measure I: | | | | | 

C; collides with . . Ce Ce C3 C2 Ce C2 HCs C2 CoH . 
Time measure II: | | | | | 

Clearly, when the molecule appears as (I) according to 
time measure I, it appears mostly as (II) according to 
time measure II, and vice versa. 

Obviously it is purely arbitrary, and of little physical 
significance, when we begin to count time. But then 
the distinction between (I) and (II) is also arbitrary and 
meaningless. What counts is only the time-average 
distribution of the collisions of C; with its neighboring 
carbon atoms, and it is easy to see that on this 
assumption the difference between (I) and (II) disap- 
pears. To put it differently, we eliminate the arbitrar- 
iness of the time measure by doubling the periods: 
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| H H 
dads 
H H 
6 3 
H— C —H 


then we get the same result by time measure I and by 
time measure II, namely, that in each double period C, 
collides three times with C, and three times with Cg. 

But if this is so then the “‘Kekulé structure” does 
not describe the complete state of the benzene molecule, 
only one phase of it. In the real benzene ring all bonds 
are identical, neither single nor double but partaking of 
the character of both single and double bonds; neither 
(I) nor (II) describes the benzene molecule adequately, 
only both (I) and (II) combined; and the difference 
between 1,2- and 1 16-disubstituted benzene is only ap- 
parent, not real. 

It is impossible not to be struck by the close corre- 
spondence between Kekulé’s ideas and modern concepts 
of resonance in the benzene ring. Of course, Kekulé 


‘it contained an essential element of truth as far as the 
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went the wrong way in trying to identify valence with 
the number of atomic collisions; but if we consider that 
his paper was published more than twenty years before 
the electron was discovered, and almost half a century 
before the first groping attempts were made to find an 
electronic interpretation of valence, we cannot help ad- 
miring Kekulé’s great insight and scientific instinct. 

From one sentence in particular it is clear that Kekulé 
knew that however fanciful his hypothesis of valence, 


structure of benzene is concerned. 

In discussing the difference between (I) and (II) he 
writes: “If my concept or some similar one’”’ (my en- 
phasis) ‘‘should prove correct, it follows that this dif- 
ference is only apparent but not real.” 


THE Division of Chemical Education of the American Chemical 
Society announces the following: 


Fifth General Chemistry and First Organic Chemistry Workshops, 
Eastern Session: North Carolina State College, Raleigh, North 
Carolina, June 16 to June 26. 


Programs are being planned for both college and high-school 
teachers. Colored teachers of chemistry are invited and excel- 
lent arrangements have been made for their housing. ~* 

Dr. Douglas Nicholson is the Director for the Division of 
Chemical Education of the American Chemical Society. 

Information and requests for registration should be directed to 
Associate Director Dr. Walter J. Peterson, Head, Department of 
Chemistry, North Carolina State College, Raleigh, North Caro- 
lina. 


Fifth General Chemistry Workshop: 
Ohio, June 26 to July 2. 


Even though the program is planned for the college and high- 
school teachers in those schools in the School and College Study 
of Admission with Advanced Standing, the conference will be 
similar to the previous workshops, and both college and high- 
school teachers not involved in the program are encouraged to 


Kenyon College, Gambier, 


THE FIFTH CHEMISTRY CONFERENCES, 


WORKSHOPS, AND INSTITUTE IN 1954 


attend. This conference is supported in part by the fundsfiii 
allocated to the above study. : 

Dr. Edward Haenisch is the Director for the Division of Chemi- 
cal Education of the American Chemical Society. 

Information and requests for registration should be directed tof 
Associate Director Dr. Bayes Norton, Kenyon College, Gambier, 
Ohio. 

First Chemistry Institute: University of Wyoming, Laramic,— 
Wyoming, July 19 to August 20. 

This five-week Institute will take the place of the Fifth General 
Chemistry Workshop for the Western United States. 

A solid program on recent advancements in chemistry, withi? 
particular attention to the needs of the teachers in the four-yearf, 
and junior colleges, is being planned. Particular emphasis will 
be placed on the teaching problems of general, analytical, organic, 
and physical chemistry. 

Dr. William Morrell of the University of Illinois is the Director. 

This Institute is being sponsored by the National Science 
Foundation and funds are available to assist financially a number 
of chemistry teachers so that they may attend. 

Information may be obtained from Associate Director Dr. 
E. H. Schierz, Head of the Department of Chemistry, University™ 
of Wyoming, Laramie, Wyoming. 
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ANALYTICAL chemists have found many uses for radio- 
isotopes in the past few years. Radioactivity is 
Jefinitely a valuable new tool for research and analysis. 
However, it must be used with a realization of the errors 
nvolved. If one does a radiation experiment without 
onsidering possible errors, one may get a meaningless 
snswer, even if the work is otherwise done very care- 
uly. In addition to any errors inherent in the 
experimental procedure, these factors may cause error: 
a) background radiation, (b) randomness of decay, and 
c) dead time of the counter. 

Each of these factors will be presented in a form 
seful to planners of most practical radiation experi- 
ments, without reference to details needed only in 
special work. 


KGROUND RADIATION 


With a common Geiger tube, one usually obtains a 

eading of about 30 counts per minute (c. p. m.) with no 
source of radiation in the laboratory. This back- 
pround count is due mainly to cosmic rays.' Since the 
tensity of cosmic radiation increases with altitude, 
he background count may be several times as high in 
mountainous areas. Background also varies greatly for 
lifferent Geiger tubes. - Even with lead shielding, some 
high-efficiency gamma tubes have a background count 
pf 400 c. p. m.? Naturally, the presence of radio- 
otopes in the laboratory will increase the background 
ount. 
To correct for background radiation, one should sub- 
ract the background count from each reading. For 
nccurate work, determine. the background daily, since 
osmic ray intensity and other factors vary from day 
0 day. 
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phasis will 

al, organic Although one can accurately determine the average 


ate of decay of any radioisotope, the rate at any instant 


Ay ediid svariable. Thus, the process is random, much like the 
ya numberlripping of a leaky faucet. The table shows that for a 


mall number of counts, the variation in rate is large. 

Obviously, this randomness can cause large errors 
vhen one counts only a few rays. By taking longer 
ounts, one can reduce the error to as low a value as 
ne wishes. In other words, one can design the experi- 
hent to give the desired accuracy, within certain limits. 
or this purpose, one has available simple formulas for 


‘Jarrey, A. H., T. P. Kouman, J. A. Crawrorp, “A 
anol on the Measurement of Radioactivity, MDDG-388, 

ak Ridge, Tenn., Technical Information Division, Dec., 1943. 
Tracerlab, Inc., Catalog C, pp. 54-5. 
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SOME ERRORS IN RADIATION COUNTING 


JOHN D. TOMLINSON 
Minneapolis, Minnesota 


calculating the error expected due to randomness. The 
expressions of error probability usually used are (1) 
standard deviation, (2) probable error, and (3) reliable 
error. 


= 

S 

8 

E 50% of 

g all 

s readings 

£ 11% 11% 

5h 
-R -e-P 0 +P+e +R 


Deviation of reading from true value. 
eo = Standard deviation; P = Probable error; R = Reliable error. 


Figure 1. Frequency Distribution Curve 


(1) Standard Deviation. Standard deviation, the 
commonest indication of probability, is given by the 
formula 


where N is the number of rays counted. Readings will 
lie within the range N + o 68 per cent of the time. As 
an illustration, suppose the true count is 900. Then 


o=+VJN = = +30 


In about 68 out of 100 cases one would get pendlings 
between 870 and 930. 

(2) Probable Error. 
formula 


Probable error’ is given ua the 


P = +0.675 VN 
Since the probable error is exceeded in half of the read- 


Typical Set of Counts from a Weak Source* 


Run number Counts per 10 seconds 
1 6 
2 5 
3 1l 
4 7 
5 4 
6 9 


* BLaEDEL, J., ‘‘Nuclear Chemistry,” NEPA-1010- 
IER-15, Oak Ridge, Tenn., May 9, 1949. 
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Per cent error 


1000 2000 5000 10,000 20,000 50,000 100,000 
Number of counts 


Figure 2. Per Cent Error as a Function of the Number of Counts 
Taken 


ings, it is sometimes called the 50 per cent error. For 
the case of 900 counts, P is +20. In 100 cases 50 of 
the readings would be between 880 and 920. 

(3) Reliable Error. Reliable error is given by the 
formula 


R = +1.645 /N 


Errors are less than the reliable error in 90 per cent of 
all cases. For 900 counts, R is +50. In 100 cases 90 
readings would be between 850 and 950. Although this 
expression is not used as frequently as the first two, the 
writer prefers it because it gives a less deceiving answer. 
For example, using probable error, one might think 
something was wrong with the experimental procedure 
if one received readings of 850 and 950 in succession. 
Actually, even higher deviations sometimes occur, as 
shown by the reliable error. The frequency distribu- 
tion curve of Figure 1 illustrates the meanings of the 
three expressions of probability. 

While special names have been given to these three 
expressions of error, one should realize that the per cent 


1.4} 


Correction factor 


10,000 20,000 30,000 
Observed counts per minute 


Figure 3. Dead Time Correction Factors for 100, 300, and 500 Micro- 
second Tubes 


~ cent error: 
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probability of any error occurring can be found. For 
example, the per cent probability of an error exceeding 
+1.96c is 5 per cent, and the probability of exceeding 
+2.58¢ is 1 per cent. In some cases, one finds use for 
these or other values. 

Usually, the per cent error in a reading is more useful 
than the absolute error. Dividing by N and multiply. 
ing by 100, we obtain the following expressions of pe 


VN 100 
=+—~— x 100 = + 
ye N VN 


of these functions for any count. The graphs can be 
read with satisfactory accuracy for error estimation and 
will save much calculation. 

The curves of Figure 2 can also be used in estimating 
the number of counts which must be taken to get a de 
sired accuracy. For example, suppose one wishes to 
get a reliable error of +1 per cent. Reference to 
Figure 2 shows that 30,000 counts will give this ac 
curacy. Obtaining a reliable error of +0.1 per cent 
however, requires 3 million counts. Thus, because of 
the square root relationship, a ten-fold improvement i 
accuracy requires a count 100 times as long. Because 
of the time required for high counts, the accuracy of al 
radiation experiments is limited. Reliable error 
below +0.1 per cent are rarely obtained. 


DEAD TIME OF THE COUNTER 


The counting pulse of a Geiger tube temporarily 
destroys the potential between the cathode and the 
anode. Until the potential is re-established, the tube 
does not detect entering rays. Thus, there is a dead 
time or resolving time after each count, usually betwee 
50 and 600 microseconds.‘ The commonest tubes have 
a dead time of 200 microseconds. Obviously, the dead 
time is not important at low counting rates. However 
the error becomes great at high rates. For example 
suppose a tube with a dead time of 200 microsecond; 
records 100,000 counts in 1 minute. Since the tube is 
dead for 200 microseconds after recording each ray, th¢ 
total dead time is 100,000 X 200 X 10~® or 20 sec 
Therefore, the number of rays which would be detected 
if the dead time were zero is 


(100,000) 


or 150,000 rays. If one needs only relative values, : 
correction is not needed, provided the values to bé 
compared are of about the same counting rate. How 
ever, one must correct for dead time if one plans (4 
compare high-rate counts of different rates. 


3 See footnote 1. 
4 See footnote 2. 
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fi experimentally by using paired sources. 
each source separately and then counting them together, 


“§ such as 100,000 c. p. m. 
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The calculation shown above suggests the method of 
correcting for dead time. Expressed in general terms, 


60N 
Ne = — Na 
where N, is the corrected c. p. m., N is the observed 
¢. p. m., and d is the dead time in seconds. Figure 3 
shows the results of applying this formula to tubes with 
dead times of 100, 300, and 500 microseconds. To 
obtain the true count, multiply the observed count by 
the correction factor shown. 

In using the formula for dead-time correction, one 
must know the dead time of the Geiger tube. In 
general, for rates below 5000 c. p. m., one obtains 
suficient accuracy by using the approximate value 
given in the manufacturer’s catalogue. However, at 
high rates one often must determine the dead time 
By counting 


one can calculate the dead time. Since the dead time 
can never be determined exactly, one should not 
attempt to correct counts taken at extremely high rates, 
In other words, dead time 


limits the practical rate of counting when counts 
obtained at various rates are to be compared. 


A WELL-PLANNED EXPERIMENT 


While it is hard to generalize on the subject of errors, 
the following example illustrates how a knowledge of 
errors enters into a well-planned experiment. 

Jim ordered enough radioactive material to give him 
about 10,000 c. p. m. in his experiment. Since he 
bought a tube with a low dead time, he merely made an 
approximate check by paired sources on the value given 
by the manufacturer. From the value of the dead time, 
he drew a curve similar to Figure 3 which he used for 
quickly correcting his readings. Since his purpose 
seemed to call for a reliable error of about +1 per cent, 
he found from a curve like Figure 2 that he needed 
30,000 counts. Hence, his runs were set at 3 minutes. 
If he had chosen a much weaker source, his runs would 
have taken too long. Finally, by shielding the tube 
and keeping the laboratory free of contaminants, he 
got the background below 100 counts per 3-minute run. 
Since the reliable error was +300, the background count 
was negligible. This fact saved him the time and effort 
involved in taking and applying background counts. 
Thus, a consideration of the background count, random- 
ness of radiation, and dead time of the counter gave Jim 
a smooth experiment. 


* 
AMMONIA 


Ix rexrBooxs of chemistry the following problem oc- 
casionally appears: given the solubility product con- 


# stant of a silver salt and the dissociation constant of the 
i@ silver-ammonia complex ion, calculate the solubility of 


the salt in aqua ammonia of a specified concentration. 
The problem may take two forms, both of which rep- 
resent cases arising in actual solubility determinations. 
In Problem I the specified ammonia concentration is 
that at equilibrium; in Problem II it is the initial (or 
total) ammonia concentration. 3 


@ PROBLEM I 


Problem I may be generalized to derive an expression 
for calculating the solubility of all slightly soluble silver 
salts of the type AgX in equilibrium with c molar aqua 
ammonia, as follows: let x = [Agt], y = [X-] = 
[AgX]i, and y — 2 = [Ag(NHs)e+]. Let a be the 
solubility product constant of the silver salt, and b-rep- 


SOLUBILITY OF SILVER SALTS IN AQUA 


CLYDE R. JOHNSON 
Portland State Extension Center, Portland, Oregon 


resent the instability constant of the diammine-silver 
ion. X may be Cl, Br, I, CNS, 103, BrOs, etc., and all 
concentrations are in gram ions or gram moles per liter, 
at equilibrium. Then, 


(1) 


and 
xc? 
While (2) may be simplified by showing that y — z is 
approximately equal to y, the effect of the approxima- 
tion is perhaps more easily seen by solving (1) for y, 
substituting in (2), and reducing to x*(c? + b) = ab. 
The factor c? + b becomes c? if ammonia concentrations 
are limited to values greater than about 0.005 M, 
whereupon: 


=b (2) 


y= = (3) 
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PROBLEM II 


Having solved Problem I, we are in a better position 
to handle the more formidable Problem II, in which C 
is taken as the initial (or total) ammonia concentration, 
as indeed it is in most practical cases. This problem 
leads to three simultaneous equations which are difficult 
to solve exactly, since they are nonhomogeneous. 
Neglecting for the moment the ammonia ionization and 
possible approximations, we may formulate the problem 
as follows: let z = y — x = [Ag(NHs3)2*] and let C be 
the initial ammonia concentration, while the other 
symbols have the same significance as before, but ap- 
propriate to the new situation. At equilibrium the 
ammonia concentration is C — 2z, whence: 


(4) 
(5) 


a(C — 2z)? 


and 
(6) 


While the badly needed and perhaps obvious approxi- 
mation may be anticipated, it is preferable to let it 
develop as follows. From (4) and (6), 


(7) 


Solving (5) for z, substituting in (7), cross-multiplying 
the b of the first factor, factoring out the z of the second 
factor, reducing the two terms of the second factor to a 
common denominator, and factoring again, we have: 


2 
22) +01 = F 


(8) 


With the same approximation used in Problem I, (8) 
simplifies to 


(C — 2z)? = bz?/a (9) 


When bz?/a is substituted for (C — 2z)? in (5), the 
latter equation reduces to xz = a, whence, from (4), y 
= z. With this approximation established, we may 
substitute y for z in (9), and finally obtain 


y = [AgXJu = 


(10) 


For a more precise solution of Problem II we must 
also contend with the shifting equilibrium involving 
the ammonia, ammonium, and hydroxyl groups. Let 
d be the ionization constant for the ammonia and let c 
of Problem I be the ammonia concentration resulting 
from the initial C of Problem II. A little study shows 
that at equilibrium c = C — 2z — [NH,*], whence c = 
(C —2z)/(1+d/[OH~-]). The valued isa constant, and 
for any specific equilibrium [OH~] is a constant and 
moreover easily measurable. Letting (1 + d/[OH~-]) 
= rand proceeding as before, we find that: 
— 2a) 


— 4a 


In (3), (10), and (11) we have three general equations 
with which to conjure in studying the solubility of silver 


y = [AgX]u = (11) 
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salts in aqua ammonia. To the slight limitations al- 
ready imposed in the derivations, at least two others 
must be added. If C is reduced sufficiently, AgxO may 
precipitate, but this is a condition which we may prefer 
to recognize experimentally rather than mathemati- 
cally. Second, equations (3) and (10) and to a lesser 
extent (11), show that the solubility of the silver salt. is 
a linear function of the ammonia concentration, but 
they are lacking a suitable intercept on the y axis. Per- 


‘haps this was lost in the approximations, so we may 


reserve the privilege of inserting an intercept when one 
is required. 

It is appropriate at this point to check the solubility 
of a silver salt calculated by one of the above formulas 
with experimental values. Particularly suitable for 
this purpose are the values given by Derr, Stockdale, 
and Vosburgh! for the solubility of silver iodate in 


Solubility of Silver Iodate in Aqua Ammonia 


[AgIO3] 
bserv 


[AgIO3] 
Calculated 


aqua ammonia at 25°C., since their work also included 
a careful determination of the instability constant of 
the diammine-silver ion. From their paper we may 
take this constant, b, as 6.05 X 10-%, and the ionization 
constant of ammonia, d, as 1.75 X 10-*. While they 
do not report [OH~], they give data which permit its 
calculation. From the recently published text of Diehl 
and Smith? we may take the value for the solubility 
product constant of silver iodate, a, as 5.3 X 10-. 

In the table slide rule values of [AgIO;] calculated 
from equation (11) and the equation defining r are 
compared with the rounded-off experimental values of 
Derr, Stockdale, and Vosburgh, shifted from the molal 
to the molar basis. Since the graph of the experimental 
values showed a negative intercept, equation (11) was 
adjusted to the data by addition of the arbitrary inter- 
cept —4.6 X 10-*. 

The figures for silver iodate in the table show the 
nature of the agreement between observed and cal- 
culated values which may be expected in applying the 
derived equations. In general, better results will be 
obtained if the solubility product constant, a, is ex- 
tracted by the method of least squares from the data it- 
self rather than from the literature. 


1 Derr, P. F., R. M. StockpaE, anp W. C. Vossureu, J. 
Am. Chem. Soc., 63, 2670 (1941). 

? Drea, H., anp G. F. Smrrs, “Quantitative Analysis,” John 
Wiley & Sons, Inc., New York, 1952, p. 489. 
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0.0124 0.0037 0.0035 
0.0126 0.0037 0.0036 
— 0.0247 0.0074 0075 
024 
: 0.0307 0.0093 0.0095 
0.0616 0.0190 0.0195 
0.102 0.032 0.033 
0.124 0.039 0.040 
0.183 0.059 0.059 
0.246 0.080 0.080 
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BERZELIUS—PIONEER ATOMIC WEIGHT 
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Berzexius made the determination of atomic weights 
the principal work of his life. To the modern analyti- 
cal chemist this appears a monotonous, uninteresting 
task. But when one surrounds Berzelius’ work on 
atomic weight with the fertile and rapidly growing at- 
mosphere of fundamental chemical theory which de- 
pended upon atomic weights, one sees in Berzelius’ 
activity a research task that would certainly challenge 
an alert mind. A similar interest claimed the major at- 
tention of the American chemists T. W. Richards and 
G. P. Baxter. 

According to Berzelius’ own report, he first became 
interested in atomic weights in about 1807. Like 
many professors, he felt the necessity for writing a text- 
book. In it he discussed the latest work of Jeremias 
Benjamin Richter (1762-1807), proposing the idea of 
definite proportions. Richter’s work was _ severely 
criticized. Berzelius, feeling that Richter’s ideas were 
nevertheless correct, set forth to obtain more extensive 
analytical data. He says: “I determined then to prove 
them [Richter’s ideas] factually by correct analyses. 
This investigation became the basis for the direction of 
my scientific endeavours during the greater part of my 
most active years of life, 7. e., for my work on chemical 
proportion.”’ 

Some idea of Berzelius’ zeal for atomic weight deter- 
minations is found in his autobiographical sketch (/), 
where he tells about his first experiments. 


My first experiments . . . did not turn out well. I had as yet 
no experience either of the great accuracy necessary in the meth- 
ods of weighing or how the great accuracy might be obtained. I 
also lacked instruments and tools for delicate experimentation. 
There was only one platinum crucible in Sweden, which was owned 
by Hisinger. In friendship he placed it at my disposal but it 
was too heavy for the balance. I frequently was misled because 
of the difficulty of bringing an insoluble precipitated compound 
to its correct saturation point. I had.to repeat analyses many 
times in order to find the method which would lead to correct 
results: in short I must, through my own mistakes, be led into 
procedures which are now so generally known that all immedi- 
ately turn to them, and I must stand by the principle, that of so 
choosing my analytical method that the result would depend as 
little as possible on the operator’s skill in manipulation. 


In order to appreciate the significance of Berzelius’ 
work it is necessary to remind the reader that Dalton 
had deduced his atomic theory about the years 1802- 
08. He had propounded the idea of combining weights 
or relative atomic weights based on hydrogen as unity. 
Richter, some years before, had arrived at his “law of 
progression’? which attempted to establish a relation 


between combining weights of bases and acids. ‘Rich- 
ter established a series of ‘ratios’ which he proposed to 


use for the calculation of combining amounts. Ber- 
zelius was unfamiliar with the Daltonian developments 
until the time of their publication. It has already been 
pointed out that Berzelius did know about Richter’s 
work and it was this that influenced Berzelius to pursue 
his independent study of atomic weights and their sig- 
nificance to chemical theory. It should be pointed out 
that the Daltonian system of symbols for designating 
atoms and molecules was in vogue at this time. It is to 
Berzelius that we owe the ‘suggestion of the present 
system of symbols consisting of abbreviations of Latin 
names. Also lacking at the time was a clear under- 
standing of the source of the mass in a molecule. The 
old phlogiston theory still held sufficient grip on men’s 
minds that they were willing to concede that a large 
part of the mass of a molecule might be energy. It was 
only when Dalton made a firm statement that the molec- 
ular weight is the sum of the atomic weights that real 
progress began. 


EARLY ATOMIC WEIGHT VALUES 


Thus we see that Berzelius began his work at a time 
which was difficult because of the uncertainties in what 
are now simple and accepted truths. On the other 
hand, the time was ripe for the firm establishment of the 
new ideas, but it was very apparent to Berzelius that 
this could oniy be accomplished on the basis of sound 
analytical measurements. 

Attempts were made before Berzelius to set up tables 
of atomic weights. Dalton’s values (2) (1808) were 
really combining weights based on hydrogen as unity. 
Wollaston (3) in 1813 published a more elaborate table 
in which some of the errors of Dalton’s figures were re- 
duced. It is interesting to note that Wollaston intro- 
duced the term equivalent weight in connection with this 
table. Wollaston used oxygen as a b&asis and called it 
10. 

Berzelius’ values were more extensive and more exact. 
They represented also a development in chemical 
theory. Wollaston had called the atomic weight of 
hydrogen that weight which combined with 10 parts of 
oxygen. In the meantime Gay-Lussac had published 
his work on the combining volumes of gases. Berzelius 
was therefore aware of the fact that two volumes of hy- 
drogen combine with one of oxygen and reasoned that 
two atoms of hydrogen combine with one of oxygen. He 
therefore halved the value which Wollaston had given to 


-hydrogen. This is said to be the point in historical de- 


velopment at which the distinction between atomic and 
equivalent weight was first recognized. Berzelius’ use 
of the gas-volume theory led to erroneous conclusions 
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in some cases. For example, he observed that one 
volume of chlorine combines with one volume of hydro- 
gen to produce two volumes of hydrogen chloride. 
Berzelius thought he was getting a single molecule of 
hydrogen chloride and therefore was puzzled over its ap- 
parent double size. 

Berzelius used the term “atomic weight”’ to include 
what we now mean by molecular weight. He spoke of 
the “atomic weight of barium sulfate.”” Much of his 


so-called atomic weight work dealt with the composition ° 


of compounds. For example, from an analysis of 
barium sulfate for SO;, there could be calculated the 
atomic weight of barium if one assumed values for sul- 
fur and oxygen. The volume of work performed by 
Berzelius in this kind of determination of combining 
proportions is prodigious. Data exist for about 2000 
such investigations. 

Some of Berzelius’ experiments had as a definite pur- 
pose the determination of atomic weights of the ele- 
ments. Approximately 45 research papers on atomic 
weights appear in the literature, although most of the 
2000 researches in one way or another bear upon the 
evaluation of atomic weights. 

Some qualities of Berzelius are apparent from a study 
of his atomic-weight work. He gave much thought to 
the planning of his experiments, so much that rarely did 
he feel it was necessary to carry out more than two or 


TABLE 1 
Atomic Weights of Hydrogen Based on O/H Ratio 


Dulong and Berzelius 1821 1.00667 
Dumas 1842 1.00246 
Erdman and Marchand 1842 1.00156 
Thomsen 1870 1.00565 
Cooke and Richards 1887 1.00825 

eiser 1887 1.00857 
Keiser 1888 1.00305 
Rayleigh 1889 1.00692 
Noyes 1890 1.00650 
Dittmar and Henderson 1890 1.00834 
Morley 1895 1.00762 
Thomsen 1895 1.00825 
Keiser 1898 1.00756 
Noyes 1907 1.00783 


_g-three-determinations, frequently only one. The selec- 
* tion of the proper method of analysis seemed far more 
important to him than the frequent repetition of the 
measurement common today. Much preliminary ex- 
perimental work went into the testing of various meth- 
ods and the selection of the proper one for the final 
measurement. 

Berzelius was thoroughly confident of the reliability 
of his work. He seldom repeated any of it once com- 
pleted and was ready to defend its reliability. If the 
spirit of Berzelius is still abroad it must certainly be 
much disturbed by the statement that practically none 
of Berzelius’ atomic weight values agree well with mod- 
ern ones. They are acceptable, however, in view of 


the pioneer character of his work. In many cases they - 


had great effect upon the new chemical theory and these 
effects would not have been any different had the re- 
sults been more accurate. 
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Berzelius apparently did not apply vacuum cor. 
rections. 
ing partly to the absence of numerous repetitions, 
makes vacuum corrections less significant. These are 
important to remember, however, when one attempts 
to correlate his with modern data. 


REACTIONS USED BY BERZELIUS 


The reactions used by Berzelius as a basis for his 
atomic weight calculations can be arranged in several 
groups. 

1. Reduction of Oxides. The metal oxide was re- 
duced with hydrogen. The ratio of metal to metal 
oxide was thereby obtained and the atomic weight of 
the metal could be referred to oxygen. In this way, 
the atomic (or combining) weights of copper (4), lead 
(5), tungsten (6), and iron (7) were determined. Vana- 
dic oxide (8) was also reduced to vanadous state. The 
results obtained indicate the probable impurity of phos- 
phoric acid in the original vanadium salt: It is inter- 
esting to note that Berzelius could not have tested for 
impurities of phosphate because the molybdate test had 
not yet been discovered. 

The reduction of metal oxides was also used for es- 
tablishing the ratio between oxygen and hydrogen. 
Berzelius, together with Dulong (9), made the first im- 
portant measurements of the O/H ratio. They used 
the incomplete reduction of copper oxide with hydro- 
gen. The oxygen equaled the loss in weight of the cop- 
per oxide. The water formed was collected and 
weighed. Three experiments were performed. The 
O/H ratio found was 16.031 to +0.057. Berzelius did 
not apply vacuum corrections. F. W. Clarke (10) has 
since made these corrections and recalculated the Du- 
long and Berzelius ratio at 15.894 + 0.057. It is in- 
teresting to note that this value is far closer to the pres- 
ent value than anyone was able to get for quite a few 
years. Table 1 shows that Berzelius was definitely 
ahead of his time in the reliability of his results. 

2. Oxidation of Metals. Berzelius tried a few esti- 
mations of atomic weights by determining the gain in 
weight of a metal upon oxidation. Tin (4), antimony 
(6), tellurium (1/1), and tungsten (6) were studied. The 
data on tungsten are interesting. One experiment was 
done in which 676 parts by weight of tungsten pro- 
duced 846 parts of oxide. The ratio of W/WOs; found 
was 0.79905. Upon reduction of WOs, the ratio found 
was 0.79644. From the mean of these two observa- 
tions he calculated W = 189.324. The present-day 
value is 183.92 and subsequent investigators have con- 
cluded that Berzelius probably had an alkali-contamin- 
ated sample. These results are included here because 
they illustrate the rather large errors that occur in some 
of Berzelius’ values. 

3. Decomposition by Ignition. This has long been a 
popular method for getting the proportions of oxygen 
in an alkali chlorate. From such data the atomic 
weight of the metal or of the chlorine can be calculated. 
Earlier estimates of the ratio KCI/KCIO; had been 
attempted but Berzelius was able to show that none 


The lack of high precision in his results, ow-§ j 
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was reliable because some KC] was always carried away 
in the vapors. Berzelius recovered and corrected for it 
and found (6) in four experiments a ratio for KC1/KCIO; 
= 0.60851, which agrees fairly well with the present 
accepted value of 0.608365. It is interesting to note 
his precision in the four analyses: 0.60854, 0.60850, 
0.60850, and 0.60851. 

The decomposition of metal sulfates was also used. 
Aluminum sulfate (4) was ignited to the oxide. A 
single experiment was performed. Ten grams of alu- 
minum sulfate gave 2.9934 grams of oxide, from which 
he calculated Al = 27.30. The present value is 26.97. 

The atomic weight of boron (6) was also calculated 
from data on the dehydration of borax. Three deter- 
minations of the per cent of water gave 47.10, 47.10 and 
47.10, from which boron was calculated to be 11.014. 
The present value is 10.82. 

4. Gravimetric Precipitations. Berzelius made fre- 
quent use of the reaction between silver and chloride. 
He determined the ratio AgCl/Ag in three experi- 
ments (12). In the first he dissolved 20 g. of silver in 
nitric acid, precipitated with hydrochloric acid, filtered, 
dried, and weighed. In the second and third the silver 
chloride suspension was evaporated to dryness, fused, 
and weighed without transfer. The ratios AgCl/Ag 
found were 1.32700, 1.32780, and 1.32790; average 
1.32757. The modern value is 1.328640. 

Berzelius (6) also determined the ratio KCl/Ag. One 
experiment gave the ratio KCl/AgCl = 0.51997. 
Richards and Staehler (13) much later found 0.520118. 

Berzelius made use of this reaction to determine the 
atomic weights of a number of metals in metal chloride 
salts. Excess silver nitrate was added and the AgCl 
filtered and weighed. In this way values for barium 
(4), calcium (14), and manganese (15) were determined. 
In the manganese work, two experiments were done 
and the ratio MnCl,/2AgCl found to be 0.43945 and 
0.43950, from which Mn was calculated to be 55.07 
(present value 54.93). It is interesting to note here 
that much later Baxter and Hines (16) got 0.43898 for 
this same ratio. 

The precipitation of barium sulfate was also used as 
the basis of several determinations. The atomic weight 
of barium (4) was first estimated at 135.60 from two ex- 
perimental determinations of the ratio BaSO,/BaCle. 
Lead chromate was also used as a precipitating form in 
the evaluation of chromium (17). Berzelius encoun- 
tered much difficulty with the coprecipitation of alkali 
chromates and with the solubility of lead chromate. 

5. Displacement Reactions. Berzelius (18) con- 
verted silver iodide to chloride by heating it in chlorine. 
The ratio found by him for AgI/AgCl is 1.63326. 
Subsequent values by other investigators show a higher 
value, which indicates the incomplete displacement of 
the iodide. 

Another displacement reaction used was that between 
calcium fluoride (6) and sulfuric acid. Three experi- 
ments were done and fluorine was calculated to ke 18.86 
(present value 19.00). 

6. Addition Reactions. Berzelius first determined 


the atomic weight of calcium (/4) from the ratio CaCl;/ 
2AgCl. The value obtained proved to be erroneous 
and in 1843 he sought a new reaction for this purpose. 
He converted CaO to CaSO, and obtained (19) the 
ratio SO;/CaO = 1.423998, from which he calculated 
Ca = 40.225. 

7. Reduction of Noble Metal Complexes. Berzelius 
carried out a large amount of work on the metals of the 
platinum group. He had already reduced platinous 
chloride with hydrogen and was the first (4) to report an 
atomic weight for platinum (194.69). Later (20) he 
reduced the double salt, K:PtCls, in hydrogen. He de- 
termined the HCl volatilized, the KCl remaining and 
the weight of platinum metal. From these results he 
calculated Pt = 197.10. 

He applied this same reaction to determinations of 
osmium (2/), iridium (22), rhodium (22), palladium 
(23), and gold (24). These results are summarized and 
compared with modern values in Table 2. 


TABLE 2 
Berzelius’ Atomic Weights of Noble Metals 


Berzelius’ Values in 

Element findings 1949 

Pt 197.10 195.23 

Os 198.94 190.2 

Ir 196.7 193.1 

Rh 104.31 102.91 

Pd 106.22 106.7 

Au 196.63 197.2 


8. Miscellaneous Reactions. Berzelius made use of 
an ingenious reaction in the determination of the atomic 
weight of gold. A weighed amount of mercury was al- 
lowed to react with an excess of gold chloride (24) until 
all the mercury had reacted. The weight of gold de- 
posited was equivalent to the mercury dissolved. 
Phosphorus was also used (25) in place of mercury as 
the reducing agent. 

Other elements whose atomic weights were deter- 
mined by Berzelius were Li, 8, Mg, Ti, Mo, Gl, Zn, Si, 
Zr, Th, As, Ta, U, and Se. 

From this discussion it will be seen that Berzelius’ 
contribution was enormous. Much of its significance 
lay in the better establishment of chemical theory. 
Some of his analytical determinatiéns, especially the 
O/H, Ag/Cl, Mn/Cl, and Au/Cl ratios agree remark- 
ably well with modern values. In other cases, the 
agreement is very poor. His recognition of the differ- 
ence between equivalent and atomic weights is out- 
standing. The reports of his work in the literature 
stimulated others, and men like Marignac, Prout, 
Davy, Wollaston, Gay-Lussac, Dulong, Mitscherlich, 
and Dumas went on to make their contribution to 
chemical science through atomic weight determinations. 

Berzelius has been vigorously criticized by many who 
followed. Dumas (26) was the most vigorous because 
his value for carbon, 6.0, disagreed by so much with 
Berzelius’ value, 6.12. It is easy to condemn Berze- 
lius’ values. But we must realize that so much chémi- 
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unknown or was uncertain and the subject of contro- 
versy. Consequently, it was hard to get a starting 
point. We must therefore give much credit to the man 
for his clear insight into the significance of his work and 
for his recognition of the true basis of chemical propor- 
tions. 
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Wirz the retirement of Professor Scheffer on Septem- 
ber 1, 1953, the pursuit of phase-rule studies in Holland 
comes, if not to a full stop, at least to a temporary halt. 
It is generally recognized that this, branch of physical 
chemistry, which originated with Willard Gibbs in 
1878, was first developed theoretically as well as experi- 
mentally by van der Waals, Bakhuis Roozeboom, van’t 
Hoff, and van Laar. This field of research has been 
ably explored by several other Dutch scientists follow- 
ing these pioneers, notably by Schreinemakers, Smits, 
Aten, Biichner, Reinders, and, last but not least, by 
Scheffer. 

In late years other branches of chemical knowledge, 
such as colloid and nuclear chemistry, have forged 
ahead and have pushed the phase rule somewhat in the 
background, but as Professor Scheffer pointed out in a 
recent lecture, the phase rule remains indispensable for 
chemical and metallurgical engineers in solving numer- 
ous technical problems. It is interesting to note that 
the thermodynamical treatises of van der Waals, long 
out of print, have recently been translated into Russian. 
Moreover, experiments carried out in Soviet Russia at 
pressures of 10,000 atmospheres have led to remarkable 
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F. E. C. SCHEFFER 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


results of unmixing in the gas phase, and Scheffer con- 
fidently expects that active interest in phase-rule work 
is bound to revive. 

Frans Eppo Cornelis Scheffer was born in 1883 in 
Veendam, a small town in Groningen, the northernmost 
province of Holland. After the usual primary and 
secondary education in his home town he matriculated 
at the municipal University of Amsterdam, where he 
studied chemistry under Bakhuis Roozeboom, physics 
under van der Waals, and mathematics under Korte- 
weg. After Roozeboom’s death in 1907 Scheffer ob- 
tained his Ph.D. degree in May, 1909, cum laude, with 
Roozeboom’s successor, Smits, as his promotor, with a 
thesis on “Heterogeneous equilibria in dissociating 
compounds.”’ Scheffer’s appointment as chemistry 
teacher in a secondary school in Amsterdam enabled 
him to continue his studies in Smits’ laboratory. His 
postdoctoral work, partly in cooperation with Smits, 
dealt with the effect of dissociation on the vapor pres- 
sure of solids, the allotropy of ammonium halides, gase- 
ous equilibria, and three-phase equilibria in the binary 
system hydrogen sulfide-water. Scheffer’s success as 
a competent teacher and his growing reputation as a 
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promising scientist led to his appointment as professor 
of analytical chemistry at the Technical University of 
Delft. He entered upon his academic career in 1917 
with a public lecture on ‘The significance of physical 
chemistry for analytical chemists.’’ He was fortunate 
in having as a senior colleague the noted analytical ex- 
pert ter Meulen, with whom Scheffer wholeheartedly 
cooperated in the solution of pressing analytical prob- 
lems. In 1920 Scheffer switched from analytical chem- 
istry to inorganic chemistry, which subject until then 
had been in the charge of Professor W. Reinders. This 
change enabled Reinders to devote his time exclusively 
to physical chemistry. The old laboratory at the West 
Vest, which for many years served both Scheffer’s and 
Reinders’ needs, was replaced at the end of World War 
II by an up-to-date laboratory in the Juliana laan. 

A considerable number of doctoral theses (26 in all) 
have come out of Scheffer’s laboratory in the 36 years 
(1917-53) of his professorship at Delft. A glance at the 
titles reveals the wide range of Scheffer’s interests in 
theoretical as well as in practical problems. Among the 
latter we find equilibria in permutites, copper chloride 
as catalyst in the Deacon process, catalytic cyclization 
of aliphatic hydrocarbons, methane in water gas, physi- 
cochemical studies in the treatment of crude phosphates 
with nitric acid, and the scientific examination of pic- 
tures. This last-mentioned topic, which is treated 
fully in a booklet of the same title, written by Schef- 
fer’s pupil, A. M. de Wild, and published by Bell and 
Sons in London (1929), brought Scheffer’s name before 
the general public. He was appointed chemical con- 
sultant to a committee of art connoisseurs chosen to 
judge the authenticity of a painting, “The Laughing 
Cavalier,”’ supposedly by Frans Hals. This involved 
the testing of microscopic quantities of dyes removed 
without injury to the painting and the use of X-rays. 
Scheffer carried out this assignment with incomparable 
skill and ingenuity and thus was able to prove conclu- 
sively that the disputed picture was not a genuine Hals 
but a fairly recent imitation. 
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Scheffer’s phase-rule studies, carried out to a large 
extent in close cooperation with his pupils, cover a great 
variety of topics. With Smittenberg, Scheffer studied 
severai binary systems, among others, hexane-water, 
hydrogen sulfide-water, and ethylene-water. Vapor 
pressure data were obtained for bromine, nitrogen te- 
troxide, phosphorus trioxide, and phosphorus pentoxide. 
With his pupil (and now colleague) Meyer, Scheffer 
investigated the dissociation of carbon monoxide, the 
equilibria of tin with water and with carbon dioxide, 
and the formation of carbides in the system metal-car- 
bon-oxygen. Nickel carbide and its properties were 
the subject of two articles which appeared 25 years 
apart (1928 and 1953). Most of these papers appeared 
in the Recueil, in the Proceedings of the Royal Academy 
of Amsterdam, and in the Zeitschrift fiir Physikalische 
Chemie. A few of Scheffer’s postwar publications 
were published in American journals and thus attained 
a larger circulation. These last-mentioned researches 
deal with the remarkably high solubility of slightly vola- 
tile naphthalene and hexachloroethane at high tempera- 
tures and pressures (up to 270 atmospheres) in super- 
critical ethylene. 

For the benefit of his own students and for Dutch 
chemists in general Scheffer has written two brief texts, 
both published by Waltman in Delft, one on “Applica- 
tions of Thermodynamics to Chemical Processes’’ and 
more recently, “Heterogeneous Equilibria in Unary 
and Binary Systems.’’ Scheffer is a member of the 
Dutch Royal Academy of Sciences and holds an honor- 
ary degree from the University of Ghent. Now that he 
has retired from teaching and research, it is hoped that 
Professor Scheffer, still hale and hearty at 70, may find 
the time to condense the accumulated wisdom of 40 
years of research in a text suitable for postgraduate 
students in English-speaking countries. No finer trib- 
ute could be paid to the memory of the great protago- 
nist of the phase rule by one of his last surviving pupils 
in this year of 1954, which marks the centenary of the 
birth of Bakhuis Roozeboom. 
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* ION-EXCHANGE CHROMATOGRAPHY FOR 
HIGH-SCHOOL STUDENTS’ 


Many good reviews on ion exchange have appeared in 
the chemical literature of recent years, two of them 
(6, 7) in TaH1s JournaL. The purpose of this article 
is not to present another review of this fascinating 
field but rather to outline some laboratory work within 
the level of the ambitious high-school student. 

The objective of ion-exchange chromatography is 
to separate ions of similar properties. Indeed, the 
chief usefulness of this technique is the separation of 
ions whose chemical properties are so similar that or- 
dinary chemical methods of separation such as selective 
precipitation or fractional crystallization are lengthy, 
difficult, and unsatisfactory. Examples of such groups 
of ions include the rare earths, the alkaline earths, 
the alkali metals, and the halides. Even sugars can 
be separated from each other by ion exchange after the 
addition of sodium borate to form complex borate ions 
with the various sugars (3). ‘ 


PRINCIPLES 


Let us consider the separation of the halides by ion- 
exchange chromatography as an illustration of the 
technique and principles. The mixture to be separated, 
dissolved in a few milliliters of water, is poured into 
an anion-exchange column. Then a solution of a suit- 
able electrolyte such as sodium nitrate is permitted to 
pass through the column. The first portion of the 
effluent or eluate consists of pure sodium nitrate. The 
next portion of eluate, if the conditions are correct, 
contains sodium nitrate and chloride, but no bromide 
or iodide. Then comes a portion of eluate containing 
only sodium nitrate, then a mixture of sodium nitrate 
and bromide, then pure sodium nitrate again, then a 
mixture of sodium nitrate and iodide, and finally, after 

1 Presented before the 15th Summer Conference of the New 


England Association of Chemistry Teachers, Bowdoin College, 
Brunswick, Maine, August, 1953. 
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procedure given here in order to achieve a satisfactory 
separation. 


I. SEPARATION OF THE HALIDES 


Preparation of the Column. The best resin for this 
purpose is the anion-exchange resin, Dowex 1-X10, 
100-200 mesh, which may be obtained from Micro- 
chemical Specialties Co., 1834 University Ave., Berke- 
ley 3, California, or from Dow Chemical Co., Midland, 
Michigan. Although the resin has been classified as 
100-200 mesh, it contains a large number of smaller 
particles which should be removed to prevent their 
clogging the filter disc. 

Put about 50 ml. of the resin into a 600-ml. beaker. 
Nearly fill the beaker with water and stir until the 
resin is suspended in the water. Let the mixture 
stand until the coarse particles settle, leaving the fine 
particles in suspension. This process usually requires 
about a minute. Decant the supernatant liquid into 
the sink. Repeat the process until the resin par- 
ticles settle completely in two minutes or less, leav- 
ing a clear supernatant liquid. Attach a stopcock 
to the lower end of an Allihn filter tube of medium 
porosity, 2 cm. in diameter and 10 cm. in height from 
the filter disc to the top. Stir the resin with a little 
water again and pour the suspension into the filter 
tube. Open the stopcock to let the surplus water 
out of the tube, but never let the level of liquid 
in the column fall below the upper surface of the 
resin bed. Fill the tube with resin to a height of 7 
or 8 cm. above the filter disc. Let the column settle 
about an hour. If the height decreases below 7 cm., 
add more resin to the tube. 


The column is now ready for use except that the resin 
must be converted from the chloride form, in which it is 
sold, to the nitrate form. This conversion is accom- 
plished most conveniently after the apparatus is assem- 
bled. 


Apparatus. Arrange the apparatus as shown in the 
figure. A and B are reservoirs for the eluants, 0.50 and 
2.0 M sodium nitrate, respectively, prepared from the 
reagent-grade chemical and distilled water. C is the 
filter tube containing the resin. It is important that 
the rubber stoppers of these three vessels fit snugly, 
also that the tubes D and E extend almost to the 
bottoms of the reservoirs; then the pressure of the solu- 
tion above the resin bed, and hence the flow rate, are 
independent of the quantity of eluants in the reservoirs. 
F and G are pinchclamps by which the operator may 
permit either 0.50 M or 2.0 M sodium nitrate to enter 
the column. The inlet tube by which the solutions en- 
ter the filter tube is constricted and bent at the end so 
that it touches the side of the filter tube. Otherwise, 
the solution, dropping on the resin bed, would stir the 
resin. The syphons from the two reservoirs should be 
filled with the respective solutions. J represents rub- 
ber tubing. ‘ 

Conversion of the Resin to the Nitrate Form. Open 
pinchclamp H, and cautiously open the stopcock until 


the liquid in the filter tube comes within a few millime- 
ters of the top of the resin bed. (Don’t let air enter the 
resin bed.) Then close the stopcock and pinchclamp H. 
Open pinchclamp F. A little 0.50 M sodium nitrate 
will flow into the filter tube. Now adjust the stopcock 
so that the solution flows through the resin at a rate of 
about 3.1 ml. per minute. 

The chloride is displaced from the resin by the reac- 
tion 

RCI + NO;- ——> RNO, + Cl- 


Test portions of the eluate (effluent) with 1.0 M 
silver nitrate for the presence of chloride ion. When 
a negative test is obtained, probably after the passage 
of about 100 ml., the chloride is all removed from the 
resin and the apparatus is ready for use. 


Ion-exchange Apparatus 


There may be enough sodium chloride as an impurity 
in the sodium nitrate to give a faint test for chloride. 
The concentration of chloride in the eluate will never be 
less than that in the eluant. Therefore run a blank 
test for chloride on a portion of the eluant. When the 
turbidity due to silver nitrate in the tested eluate is no 
greater than that in the tested eluant, the apparatus 
is ready for use. 

Because of a slow leak of air from the filter tube, 
the level of liquid in the tube may rise during the fore- 
going process. If it rises sufficiently to fill half of the 
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space above the resin, interrupt the flow of eluant by 
closing pinchclamp F. Close the stopcock, and open 
pinchclamp H. Now carefully open the stopcock until 
the level of liquid is within a few millimeters of the 
top of the resin bed. Close pinchclamp H, and open 
pinchclamp F. Adjust the stopcock to give a flow of 
about 3.1 ml. per minute and continue. 

Prepare a large rack with 30 clean test tubes. Mark 
each test tube at the level to which it must be filled to 
hold 5.0ml. Number the test tubes 1 to 30 so that each 
may be identified. Also prepare 15 clean, numbered 
50-ml. beakers. Mark each at the level to hold 15 ml. 

Procedure for the Separation. Weigh 0.12 g. of sodium 
chloride, 0.24 g. of potassium bromide, and 0.33 g. of 
potassium iodide into a 10-ml. beaker. These quanti- 
ties are 2.0 mmol. (0.020 mole) of each salt. Add 2 
ml. of 0.50 M sodium nitrate and stir the mixture untii 
the halides are completely dissolved. 

With pinchclamp H open, carefully open the stop- 
cock until the liquid in the filter tube drains almost to 
the level of the resin bed. Remove the rubber stopper 
from the filter tube. Pour the solution of the mixed 
halides into the filter tube, taking care not to agitate 
the resin; pour the solution along a stirring rod held 
so that it touches the inside of the filter tube above the 
resin. Do not let the solution drop on top of the resin. 
Replace the rubber stopper snugly. Carefully open the 
stopcock until the solution drains to within a few milli- 
meters of the top of the resin. Catch this effluent in 
the first marked test tube. Now close pinchclamp H, 
open pinchclamp F, and adjust the stopcock so that the 
liquid flows through the resin at a rate of about 3.1 ml. 
per minute. 

When 5.0 ml. have been collected in the first test 
tube replace it with the second test tube. Test for 
chloride in the first test tube by adding 1.0 M silver 
nitrate. Add enough silver nitrate to precipitate all 
of the halide in the solution. One drop will suffice if 
the test is negative, but amounts as large as 1 ml. will 
be required for some of the fractions. When the second 
test tube has received 5.0 ml. of eluate, replace it by 
the third test tube, and test the solution in the second. 
Continue in this manner. 

A precipitate will probably be formed in the second 
fraction of eluate. The quantity of precipitate will in- 
crease in each subsequent fraction until a maximum is 
reached at about the ninth fraction. Thereafter the 
quantity of halide in each fraction will diminish until, 
at about the fourteenth fraction, a negative test will 
be obtained again. Note that the color of the precipi- 
tate indicates that it is silver chloride rather than silver 
bromide or iodide. 

As soon as you get a negative test for chloride in a 
5-ml. fraction of the eluate, close pinchclamp F and 
open pinchclamp G, thus letting 2.0 M sodium nitrate 
pass through the column. Continue to test the frac- 
tions with silver nitrate. You will soon find that 
a slight, pale-yellow precipitate of silver bromide is 
formed. The quantity of bromide in the fractions in- 
creases to a maximum at about the nineteenth fraction, 
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then decreases until it reaches zero at about the twenty- 
sixth fraction. 

As soon as all the bromide is removed from the resin 

start to collect 15-ml. fractions of eluate in the beakers, 
Test the fractions as before with silver nitrate. There 
will probably be two of the larger fractions without hal- 
ide. Then a darker yellow precipitate of silver iodide 
will be formed upon the addition of silver nitrate. A 
maximum in the amount of iodide will be reached at 
about the fourth large fraction. Thereafter, the 
amount of iodide will decrease gradually, reaching 
zero at about the eleventh large fraction. 

Pass 50 ml. of 0.50 M sodium nitrate through the 
column to displace the 2.0 M solution. The column 
is now ready for the next separation of halides. 

Discussion. If the first separation is not successful, 
i. e., if no fractions free of halide are obtained between 
the fractions containing chloride and bromide and be- 
tween those containing bromide and iodide, the addi- 
tion of more resin to the column to increase its length 
by about 1 cm. will probably give a good separation the 
next time. 

The identification of the halide in any fraction of the 
eluate by the color of the precipitate silver halide may 
not be sufficiently distinctive. A more satisfactory test 
can be performed as follows: before the addition of 
silver nitrate, remove 0.5 ml. of the fraction. To this 
small portion, add one drop of chlorine water and 0.5 ml. 
of chloroform. Shake the mixture and let it settle. 
The presence of bromide is indicated by a yellow or 
brown color in the chloroform layer. Iodide imparts a 
purple color to the chloroform. 

The experiment can be repeated as often as desired. 
As long as the conditions of the experiment are not 
varied, the results will not vary. It is interesting to 
note how the separation is affected by changing condi- 
tions such as the concentration of the eluants, the 
length of the column, the flow rate, and the quantities 
of the halides. 

An interesting variation of this procedure is to take 
a sample of reagent-grade potassium bromide. Chlo- 
ride will be found in the sample. 

The resin in the filter tube must be covered with liq- 
uid at all times. If the liquid level falls below the 
top of the resin bed, air enters the column. This air 
is not displaced by subsequent passage of liquid through 
the column and causes irregular flow of the liquid and 
hence poor separations. If air should get into the 
resin bed, close the stopcock, add water or sodium ni- 
trate solution to cover the resin, and stir the resin in the 
column with a glass rod until the bubbles rise. It is 
necessary, in such a situation, to pass sodium nitrate 
through the column until all the halide is removed before 
the next separation is started. 

The separation can be accomplished by the use of 
0.50 M sodium nitrate only, but about one liter of it 
will be required for the complete elution of iodide. 

Although chloride and bromide and iodide are sepa- 
rated from each other by this procedure, they are not 
obtained in pure form, because they are mixed with 
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sodium nitrate. The method is therefore not used in- 
dustrially. It is useful, however, in analytical chemis- 
try. The determination of the quantity of each hal- 
ide in a mixture is best accomplished by using ion-ex- 
change chromatography to separate the halides and 
then determining each separated halide (2, 4). 


Il. SEPARATION OF MANGANESE, COPPER, IRON, 
AND ZINC 


Principles. Although metals are separated from 
each other by cation-exchange chromatography more 
often than by anion-exchange chromatography, the 
latter method offers a better separation of these metals. 
Kraus and Moore (4) have used the latter method to 
separate nickel, manganese, cobalt, copper, iron, and 
zinc. This project is a simplification of their procedure 
in which nickel and cobalt are omitted. 

In the presence of a sufficient concentration of chlo- 
ride ion, these metals form complex anions, such as 
ZnCl-~ and ZnCl;~, which undergo exchange reac- 
tions with an anion exchanger. 

A mixture of salts of the four metals is poured into 
a column of anion exchanger. Upon elution with 3.0 
M hydrochloric acid, manganese(II) and copper(II) 
are eluted first because they have less tendency to form 
complex anions than do the other metals of the mixture. 
Since iron(III) and zinc(II) would require very large 
amounts of 3.0 M hydrochloric acid for their removal 
from the column, the elution is continued with 0.50 
M hydrochloric acid until iron(III) is removed. Fi- 
nally the eluant is changed to 0.0050 M hydrochloric 
acid to remove zinc, which has the greatest tendency 
to complex with chloride ion. 


Apparatus. The same column that was used for the - 


halide separation can be used, but the resin must first 
be converted to the chloride form. This is accom- 
plished by passing 3.0 M hydrochloric acid through 
the column at a flow rate of 1.5 ml. per minute until 
the nitrate is completely removed. Sixty ml. should 
suffice. Fractions of the eluate can be tested for ni- 
trate by diluting one drop of eluate with 1 ml. of water 
and adding a solution 0.32 M with nitron, 0.83 M with 
acetic acid, and 0.10 M with sulfuric acid. (Nitron 
can be purchased from Eastman Kodak Co.) The 
reagent forms a white precipitate with nitrate. 

The apparatus used for the halide separation should 
be modified by providing three reservoirs of eluant, 
containing 3.0, 0.50, and 0.0050 M hydrochloric acid. 
About 80 test tubes will be needed, 20 marked to con- 
tain 1.0 ml., 45 to contain 2.0 ml., and 15 to contain 
4.0 ml. 

Procedure. Weigh 21 mg. of zine oxide, 24 mg. of 
ferric oxide, 46 mg. of copper chloride dihydrate and 
62 mg. of manganese chloride tetrahydrate into a 10- 
ml. beaker. . (These quantities furnish 17 mg. or about 
0.3 mmol. of each metal.) Add 2.0 ml. of 3.0 M hy- 
drochloric acid. If necessary, cover the beaker with a 
watch glass and warm it gently—don’t boil—until the 
oxides are completely dissolved. Let the solution cool 
toroom temperature. Add the solution to the column 
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as described under I. Pass 3.0 M hydrochloric acid 
through the column at a rate of about 1.6 ml. per min- 
ute. Catch the eluate in fractions of 1.0 ml. in the 
marked test tubes. Test each fraction for manganese 
by adding a small excess (about 0.6 ml. altogether) of 
6.0 M ammonia, then 0.30 ml. (about 6 drops) of 0.50 
M potassium ferrocyanide. A white or slightly pink 
precipitate of manganese ferrocyanide will be formed 
in about the ninth fraction. A maximum of this pre- 
cipitate will be formed in about the twelfth fraction, 
and the manganese will be completely removed from 
the column at about the seventeenth fraction. 

Then collect fractions of 2.0ml. Test them for cop- . 
per by adding 2.0 ml. of 6.0 M ammonia. The forma- 
tion of a deep-blue solution of Cu(NH;),++ indicates 
the presence of copper. 

After the copper has been removed from the resin, 
switch to 0.50 M hydrochloric acid as the eluant. 

Caution. The resin tends to swell when the surround- 
ing liquid is changed from 3.0 to 0.5 M hydrochloric 
acid. The swelling pressure may, in rare cases, be 
sufficient to break the glass container. Protect your 
eyes with goggles at this point. 

Continue to collect fractions of 2.0 ml. Test them 
for iron by adding an excess of 6.0 M ammonia. The 
formation of a red-brown precipitate of ferric hydroxide 
indicates the presence of iron. 

After the iron has been removed from the column, 
pass 0.0050 M hydrochloric acid through the column. 
Collect 4-ml. fractions and test them for zinc by adding 
1.0 ml. of 3.0 .M sodium acetate, then 0.30 ml. of 0.50 
M potassium ferrocyanide. A white precipitate of 
zine ferrocyanide indicates the presence of zinc. 

The sodium acetate is added to react with hydrochlo- 
ric acid, which may prevent the formation of the pre- 
cipitate. 


H+ + Cl- + C,H;0.~ 


+ Cl~ + HC,H;0, 


Therefore the quantity of sodium acetate may be de- 
creased to one drop after the 0.50 M acid has been dis- 
placed from the column, 7. e., in the fourth fraction 
after the eluant has been changed to 0.0050 M acid. 

When all the zine is removed from+the column, pass 
50 ml. of 3.0 M hydrochloric acid through the column 
to prepare it for the next separation. 

Discussion.’ The experiment may be repeated as 
often as-is desired with or without variations in the 
conditions such as column length, flow rate, and con- 
centration of eluants. One of the four metals may be 
omitted from the sample, and the elution conditions 
can be varied so as to separate the remaining three met- 
als in less time than was required for the separation of 
the four. Or a different metal may be introduced into 
the mixture in place of manganese, copper, iron, or 
zine. 
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To the Editor: 


The “Editor’s Outlook’”’ in the December JouRNAL 
or CHEMICAL EpucaTION is very timely. In fact, it is 
later than many of the leaders in chemical education 
realize. The general education program for our second- 
ary schools has so encroached on the discrete sciences 
as to leave the teacher an “elective’’ orphan, with en- 
rollments shrinking to alarming levels. In some states 
all courses in mathematics beyond the number facts or 
so-called household and business arithmetic are elec- 
tive. The discrete sciences have been combined into 
courses in science appreciation or general science. 
While these courses help to solve some of the pressing 
space problems, and are considered good for those 
not basically interested in science, most scientists agree 
that such courses tend to stultify the brilliant young- 
sters rather than to nurture a desire for specific knowl- 
edge. 

It is high time that the powerful A. C. S. recognize 
that the curriculum-makers for the secondary schools 
need help from the leaders in chemical education, lest 
the crop of oncoming students be withered and plowed 
under at the germination level. This will require 
volunteers who will seek out the high-school supervisors 
in most states to work with and to advise them. The 
National Science Teachers Association needs help from 
those trained in subject matter in addition to the few 
interested men and women from the education depart- 
ments of our universities. Similarly, work should 
be done at the conventions of the National Association 
of Secondary School Principals, the American Associa- 
tion of School Administrators, and the various accredit- 
ing agencies. 

In the decade of the twenties, the American Chemical 
Society did some splendid work in this area, but it needs 
re-doing now, especially in the light of new techniques 
that are available. A herculean job needs to be done 


to convince the administrators and the public that a 
worth-while course in chemistry under competent in- 
structors is worth all that it costs, and that it is essen- 
tial. 


M. W. WeEtcx 


W. M. Wetcn Manuracturtnc ComMPANY 
Cuicaco, ILLINoIs 


To the Editor: 


There is enclosed my check for ten dollars and fifty 
cents ($10.50) for which please send the JouRNAL or 
CHEMICAL EpucaTION, beginning with the January issue 
[to the list of names enclosed ]. 

These subscriptions are being sent to the above, who 
are my laboratory assistants, as a reward for their loy- 
alty and for the efforts which they have exhibited, and 
I know of no better way to repay them than through 
the reception each month of the JouRNAL. 


AustTIN V. SIGNEUR 


Canisius CoLLEGE 
BurraLto, New YorK 


[EprTor’s Note: This sounds like a good idea!] 


To the Editor: 


As one who has for some time been interested in 
the subject of terminology for spectroscopy, I would 
like to make a few comments on the recent paper by 
Ralph G. Steinhardt, Jr. (J. CuHem. Epuc., 30, 496 
(1953)). 

(1) Asascience becomes more mature, complex, and 
abstract, its basic terms must increasingly be de- 
fined by implication; that is, by operations in which 
these terms are involved. Consider, for example, the 
definition of such terms as “force’’ and “‘time”’ in phys- 
ics, and “‘reaction’’ and “‘pure substance”’ in chemistry. 
“Spectrum” is a basic term and it should cause no 
surprise that the only meaningful definition of a par- 
ticular kind of spectrum is a statement of a procedure 
by which it can be observed or measured. 

(2) There are many words which have definite 
meanings in physics or chemistry and which are 
used with different meanings in nonphysical fields. 
A few examples are “element,” ‘‘cell,’’ “nucleus,” 
and “intensity.’’ This does not cause confusion, pro- 
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vided that the context in which a word is used gives 
a clear indication of the intended meaning. It is 
difficult for me to see how a reference to a bacteriologi- 
cal spectrum weakens the use of the term “spectrum”’ 
in the physical sciences, or how Mr. Steinhardt can 
decide on the validity or utility of this term in bacte- 
riology. 

(3) Mr. Steinhardt’s definition of spectrum does 
not help the situation very much because it employs 
the undefined term “‘intensity,’’ which has a number of 
meanings in the physical sciences. The connection 
between intensity and the usual dependent variables 
of absorption spectrophotometry, transmittance and 
absorbance, is not obvious. The extension of this 
definition to acoustic spectra would be rather strained. 
In addition, if mathematics is included in the physical 
sciences, there is no place for the well established use 
by mathematicians and theoretical physicists of ‘‘spec- 
trum’’ as the set of eigenvalues of a matrix or a partial 
differential equation. 

(4) Mr. Steinhardt recognizes that any system of 
terminology must be a compromise between what is 
completely logical and what has become established 
usage. When usage is confusing or ambiguous, a 
change is desirable. This process is going on for the 
terms “optical density’’ and “extinction coefficient.” 
On the other hand, a change just to approach perfection 
in logic may have‘undesirable consequences. Take, 
for example, Mr. Steinhardt’s discussion of the names of 
instruments used in spectroscopy. At the present 
time, the term “spectrograph” brings to mind an in- 
strument for obtaining and recording spectra which has 
an entrance slit but no exit slit and with which a whole 
spectral range is recorded simultaneously, usually by 
a photographic emulsion which provides a measure of 
radiant energy. In contrast, a spectrometer has both 
an entrance slit and an exit slit, a spectrum is obtained 
by scanning one spectral slit width at a time, and the 
detector output yields a measure of radiant power. 
Whether the detector output is presented as a reading 
on a meter, as a line on the chart of a recording po- 
tentiometer, or both, is a matter of detail which does 
not affect the design of the basic instrument. It can 
be seen that there are real and practical distinctions 
between a spectrograph and a recording spectrometer 
which are reflected in the current usage of these terms. 
It would be unfortunate to have these distinctions 
blurred over in an attempt to make an unnecessary im- 
provement in terminology. A reference to a “photo- 
graphic spectrometer’? can lead only to confusion. 

Interest in the terminology of science, such as is 
shown by Mr. Steinhardt, is important and should 
be encouraged. However, the subject is not a simple 
one, as Mr. Steinhardt would doubtless agree. There 
is fairly widespread recognition that the terminology 
of applied spectroscopy can be clarified and improved, 
and several groups are working on the problem. In 
particular, subcommittees of A.S.T.M. Committees 
E-2 on Emission Spectrography and E-13 on Absorp- 
tion Spectroscopy, which include representative cross 
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sections of working spectroscopists, are actively engaged 
in this task. The joint report on terminology to which 
Mr. Steinhardt refers (Anal. Chem., 24, 1349 (1952) ) is 
evidence of results achieved by cooperative effort. 
The terms and symbols listed in this report are being 
used with increasing frequency by applied spectros- 
copists. It is anticipated that this report will be 
extended later by addition of other terms and defini- 
tions. 


E. J. RoseENBAUM 
Sun Company 
Norwoop, PENNSYLVANIA 


To the Editor: 


The primary source of the disagreement between 
Mr. Rosenbaum and myself lies in the fact that he is 
a proponent of the operationist school of the philosophy 
of science and I am not. I am not competent to at- 
tempt a rigorous refutation of operationism and can 
only refer Mr. Rosenbaum to men who have high 
reputation in the field of philosophy of science and ask 
him to consider their objections to Bridgman’s ideas 
in this field. Carl G. Hempel’s remarks on operation- 
ism in his “Fundamentals of Concept Formation in 
Empirical Science” (University of Chicago Press) 
and Adolf Griinbaum’s “Operationism and Relativity” 
(in press, Sci. Monthly) state the case with devastat- 
ing brilliance and precision. 

The essential criticism of operationism is that it 
leads to a nonobjective and sterile view of science. As 
an example of an operational definition, consider the 
following: ‘Chemistry is what chemists do.” This is 
a perfectly valid statement. It is also perfectly useless 
as far as its contribution to an understanding of chem- 
istry asa science is concerned. The sterility of opera- 
tionism again becomes apparent when one is attempt- 
ing to define operationally words such as “atom,” 
“electron,” “valence,” “compound,” ete. (Mr. Rosen- 
baum’s statement that “force,” “time,” “reaction,” 
and “pure substance” are defined operationally is 
open to serious question.) 

Mr. Rosenbaum’s other criticisms are less basic, 
and I have summarized my feelings on these as follows: 

(a) The words “element,” “cell,” “nucleus,” and 
‘intensity,’’ which he uses as examples of words that 
have caused no confusion by their use in nonscientific 
fields are, as he points out, defined in their scientific 
usages. Therefore, we agree that they will cause no 
confusion. The word “spectrum” causes confusion 
because it is inadequately defined in its scientific 
connotations. 

(b) My objection to the use of ‘‘spectrum”’ in bac- 
teriology is that it leads to confusion. “Histogram” 
or “sensitivity distribution” would be acceptable and, 
I am told, valid synonyms for “spectrum” in this field, 
and these are certainly more descriptive of the phenom- 
enon being evaluated. 

(c) “Intensity” has, I agree, a number of meanings 
in the physical sciences, and most of these are well 
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defined. My definition of “‘spectrum” is not restricted 
to the exclusion of any of these. 

(d) I am not sure that there are many mathema- 
ticians who would characterize mathematics as one of 
the physical sciences. My definition of “spectrum” 
was intended only to provide a basis for rational defi- 
nition in physical spectroscopy. 

(e) Mr. Rosenbaum’s clarification of the nomen- 
clature of instruments used in spectroscopy is en- 
lightening, and I agree with his implication that we 
may have to be content with inconsistent suffix usage 
in order to avoid further confusion in spectroscopic 
nomenclature. 

I appreciate Mr. Rosenbaum’s encouragement and 
solicit his help (as well as that of others) in another 
problem of definition with which I have been con- 
cerned for the last fifteen years or so. When and if 
this definition is published it will bear the title, ““The 
Definition of Chemistry.” 


G. STEINHARDT, JR. 
LEHIGH UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 


To the Editor: 


I was deeply touched by your editorial gospel in your 
“Outlook” in the October and November, 1953, issues 
of the JourRNAL or CHEemicaL Epucation for criticiz- 
ing education as it is nowadays. 

For you were not speaking only about your people 
but also about those in my own country, when you ob- 
served: “. .. But if many begin to wither from the 
neck up, from any mistaken notion that Uncle Sam 
(Juan de la Cruz, in my country) will do all the neces- 
sary thinking for us all, we are headed for hard times. . . 
recent graduates can ‘neither read nor write’ and that 
they cannot think in logical fashion, much less present 
ideas in writing or orally . . . these difficulties stem back 
to grade and high schools, but the colleges must do more 
to alleviate the condition than merely to attempt to put 
more pressure on the secondary schools. 

“«... It is said that as a group they are more concerned 
about automatic salary increases and social security 
benefits than they are in giving an honest day’s work 
for an honest day’s pay.”’ 

May I say that, because of the present sophisticated 
age of munificent freedom, it has already become habit- 
forming ‘‘to wither from the neck up,’’ for some people 
prefer hearing to listening, eating to nourishing, seeing 
to observing, knowing to reasoning, understanding to 
logically deducing? 

Thus you will not be surprised to find ‘‘lend-leased”’ 
brains whose thinking is done by someone else or some 
teaching aid for themselves, in much the same wise 
that legs have found a good substitute in vehicles for 
locomotion and the appraisal of time between one’s 
survival and livelihood in the economics of dignified 
compensation. 

Would you not agree, dear Editor, in breaking the 
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evil habit first, as Lycurgus did with his Spartans jy 
promoting Spartan efficiency and integrity, before 
ever attempting to prescribe corrective curricular 
changes in the “‘diet’’ for the educational system? 


Mariano A. HENson 


ANGELES, PAMPANGA 
REPUBLIC OF THE PHILIPPINES 


To the Editor: 


I am very glad that you have found occasion to re- 
print the article by Francis J. Curtis on “Science as 
culture.” The article was good reading the first time 
I read it, but at that time I did not have occasion to 
comment on it. I now feel that a little redistribution 
of emphasis is required. 

Dr. Curtis, undoubtedly, is concerned, as every elder 
scientist must be, with the education of our younger 
people. With a little trepidation I venture to suggest a 
definition of the objectives of this education: 

Primarily, it is aimed at producing a cultured individ- 
ual. 

Secondarily, it should be directed to equip the indi- 
vidual with the tools he will require in a professional 
career. 

It is necessary to emphasize the order of these ob- 
jectives. I do not feel that a reversal of this order is 
permissible. The question, then, is what constitutes 
the education of a cultured person? Again, timidly, I 
suggest that a cultured person is one who is equipped 
to think independently, accurately, and soundly of the 
problems that will confront him and the society in which 
he lives. 

There can be no better examples of the importance of 
independent thinking than can be found in any science 
and in the life of any scientist of note. Accurate think- 
ing is a part of science but it is equally a part of mathe- 
matics, of law, and of any of the social sciences. 

Sound thinking requires a basis. I do not feel that 
much of the teaching in science, especially in applied 
science, is too well adapted to provide a basis for think- 
ing in the complexity of our modern civilization. 
Whether we realize it or not, we are living in a very revo- 
lutionary period of the world’s history. The only basis 
for comparison can be found in a knowledge of similarly 
revolutionary periods in the past: The industrial revo- 
lution in England; the French Revolution; the decline 
and fall of the Roman Empire; and the fall of Periclean 
Greece are some of the analogous periods that occur to 
me. Only a knowledge of these earlier periods can en- 
able us to have a proper perspective on the world 
around us today. Emphasis in our schools on science 
as a tool cannot replace the broader knowledge of the 
humanities as a basis for thinking in our times. 

I have not mentioned the assistance one can derive 
from an acquaintance with the thoughts of the great 
minds of the past on the problems of life, since this may 
be considered a secondary source, while history is pri- 
mary. 
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I quite agree with Dr. Curtis that a knowledge of the 
history and methods of pure science are an essential part 
of today’s culture, but I feel that applied science comes 
too close to being a technique rather than a philosophy. 

We must distinguish between the material results of 
our applied sciences, large as they loom in our daily 
existence, and the methods of pure science which even 
in their application furnish object lessons in the quality 
of thinking which is essential. It can be seen that in 
all of this there is no disagreement with what Dr. Curtis 
has said; in fact, it would take a person of very great 
courage indeed to challenge the wisdom of a man who 
has had the distinguished and well-merited career which 
Dr. Curtis has had. However, I do feel that the points 
which he has made and which I have selected for re- 
statement cannot be repeated too often nor driven in 
too firmly. 

Karu M. HErsteIn 


HersTEIN LABORATORIES, 
New York, New York 


To the Editor: 


The Southern California Section of the American 
Association of Physics Teachers is doing two things 
in regard to the shortage of scientists and engineers 
that should be of interest to all chemists. 


(1) We are asking high-school math supervisors 
and teachers to change the content of solid geometry 
so students taking it will be well prepared for college 
analytical geometry. As the present course has hardly 
changed in the last fifty years this revision is needed. 
We hope the course can include a general review, 
drill in use of tables and slide rule, and an introduction 
to analytical geometry as well as a few of the more 
important theorems in solid geometry. Already the 
city and county supervisors have given their approval 
of this change. The name will still be retained, as 
our emphasis is on the modernization of the course, 
and name changes make for long delays. 

(2) We are writing individual letters to each 
member of the Los Angeles Board of Education asking 
that arithmetic be reinstated for a full year in the 
eighth grade, on the grounds that half a year does not 
give adequate preparation for life or give adequate 
readiness for ninth-grade algebra. We feel that poor 
high-school preparation in math is one of the most 
constricting forces now reducing the supply of scientists. 

We would like to invite the chemical societies to 
join us in this attempt to improve high-school mathe- 
matics. 


WILLARD GEER 
UNIVERSITY OF SOUTHERN CALIFORNIA 
Los ANGELEs, CALIFORNIA 
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& EXPERIMENTAL NUCLEAR PHYSICS. VOLUMES I 
AND II 


Edited by E. Segré. John Wiley & Sons, Inc., New York, 1953. 
Volume I: ix + 789 pp. Illustrated. 15*X 23.5 cm. $15. 
Volume II: viii + 600 pp. 117 figs. 50 tables. 15 X 23.5 
cm. $12. 


TuEsE are the first two volumes of a projected three-volume set 
designed primarily for the experimentalist. The books consist 
of a group of treatises, each of which is restrictive in scope and 
self-contained. Such a work has an important advantage in 
that each field can be covered by an authority with insight born 
of direct experience. It remains to be seen when the set is com- 
pleted whether or not the partitioning of effort will result in im- 
portant gaps in coverage. 

It is not difficult to be enthusiastic about these books. The 


experimental worker will find the detailed treatment and litera- 
ture references invaluable and not attainable in any other single 
work. Particularly to be appreciated by the practitioner is the 


fundamental nature of the discussions and theoretical interpreta- 
tion, not usually found in review articles. In scanning the ma- 
terial it is impressive to note how much has developed within the 
past decade. 

The length of the two volumes (almost 1400 pages) and the 
scope of coverage makes it impossible to comment in any detail 
on the several sections. The reader of this review may wish to 
know at least which subjects are covered and who are the authors. 

Volume I consists of five parts: 

Part I. ‘Detection methods,” by H. H. Staub (165 pp.). This 
consists of discussions of the principles which apply to the detec- 
tion of particles through their effects on matter, of the counters 
and other detectors which register the effects, and of the elec- 
tronic instruments which amplify, discriminate, and record. The 
coverage does not include beta-ray spectrographs and other fo- 
cusing devices. An excellent discussion of ion optics with empha- 
sis on mass-spectrograph applications is found in Part V. 

Part II. ‘Passage of radiation through matter,” by H. A. 
Bethe and J. Ashkin (192 pp.). This article contains a thorough 
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account of mechanisms by which three major groups of radiation 
(heavy charged particles, electrons, high energy photons) interact 
with matter. The experimental aspects of these mechanisms 
include range measurements, scattering angles and intensities, 
and absorption cross sections for photons. 

Part III. ‘(Nuclear moments and statistics,”” by N. F. Ramsey 
(110 pp.). These fundamental properties of nuclei manifest 
themselves in a number of ways so as to yield to precise meas- 
urement. This article describes the methods of measurement 
and the theoretical interpretation of the results. The precision 
in measurement makes the nuclear moment a key property in 
checking theories which describe nuclear structure and spectro- 
scopic states. 

Part IV. ‘Nuclear two-body problems and elements of nu- 
clear structure,” by N. F. Ramsey (91 pp.). Here we arrive at 
the nature of nuclear forces as determined by the properties of 
simple systems; for example, the scattering of neutrons and pro- 
tons. The discussion of this type of measurement is comprehen- 
sive. The discussion of more complex systems as in the ideas of 
shell structure is more sketchy. Presumably this active subject 
will be dealt with in some other part. 

Part V. ‘Charged particle dynamics and optics, relative iso- 
topic abundances of the elements, atomic masses,” by K. T. Bain- 
bridge (208 pp.). The methods and results of mass spectroscopy 
form the subject of this part. The sections on ion optics and the 
instruments designed to focus particles are more complete than 
any which have appeared in recent years. A valuable set of 
tables on isotopic abundances and masses is included in the sec- 
tions on the results of mass measurements. 

Volume II consists of two parts: 

Part VI. ‘A survey of nuclear reactions,” by Phillip Morrison 
(207 pp.). These are the induced nuclear reactions familiar as 
the result of bombardments with accelerated particles. The 
central experimental theme is the measurement of cross sections; 
the interpretive part attempts to explain the cross sections in 
terms of conservation laws and the mechanisms of energy trans- 
fer within the nucleus. 

Part VII. ‘The neutron,” by B. T. Feld (379 pp.). The 
special importance of the neutron in investigating nuclear struc- 
ture and interactions is reflected by the number of pages devoted 
to this subject. The neutron has the distinction of being nuclear 
matter which can manifest its properties dissociated from the 
coulomb forces which are superimposed upon charged nuclear 
matter. This part of the volume deals with the intrinsic proper- 
ties of the neutron, its interactions with nuclei and the wave 
properties of nuclear matter, among others. The extensive body 
of methodology connected with neutron experimentation is also 
discussed. 

These volumes will not lend themselves for use as textbooks 
nor were they designed for the purpose. As source books of in- 
formation on the topics covered and particularly as status sum- 
maries for the experimenter they should be invaluable. 


I. PERLMAN 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


e NON-AQUEOUS SOLVENTS: APPLICATIONS AS 
MEDIA FOR CHEMICAL REACTIONS 


Ludwig F. Audrieth, University of Illinois, and Jacob Kleinberg, 
University of Kansas. John Wiley & Sons, Inc., New York, 1953. 
xii + 284 pp. 3l figs. 82tables. 15 X 23cm. $6.75. 


Tuts volume represents a clearly successful effort to provide an 
orientation with respect to an area of inorganic chemistry that 
seems likely to be of increasing importance, particularly in the 
chemical industries. Following a brief survey of the physical 
properties of solvents, and acid-base relationships, four chapters 
are devoted to the chemistry of liquid ammonia solutions; one 
each to nitrogen-containing solvents other than ammonia (e. g., 
hydrazine, hydrogen cyanide, formamide), acetic acid, sulfuric 
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acid, hydrogen fluoride, sulfur dioxide, acid chlorides, halogens, 
and interhalogen compounds; and, finally, there is a chapter 
concerned with reactions in the liquid phase at high temperatures, 
In general, the distribution of emphasis is in conformity with the 
available literature on the subjects included. 

In the discussion of each solvent, a brief introduction is followed 
by a consideration of important physical constants, information 
relative to solubilities (necessarily mostly qualitative), properties 
of solutions, and finally a somewhat more detailed discussion of 
types of reactions. These discussions have a distinctly utilitarian 
slant and the authors quite properly call attention to possible 


- applications to both laboratory scale synthesis and technology in 


general. Although some may be inclined to criticize this volume 
on the grounds that it is not sufficiently comprehensive, it must 
be kept in mind that it was not the authors’ intention to provide 
a complete survey of the literature. The literature references 
cited are adequate, and the authors have exercised excellent 
judgment in their selection of subject matter as well as in its 
organization and presentation. 

There are only two features of this book with which the re- 
viewer is not in substantial agreement. The chapter on Acids 
and Bases suffers from an overly detailed historical review and 
includes a revival of the so-called solvent system concept of 
acid-base relationships which in the writer’s opinion has no 
particular merit. The chapter on High-temperature Systems is 
clearly out of context. 

This volume is timely, well written, and likely to be of most 
value to those unfamiliar with the chemistry of non-aqueous 
solvents. The book is well suited for use as a text in special 
topics courses for advanced students. 

Finally, the John Wiley Company is to be commended for its 
continuing emphasis on the publication of short monographs 
on special topics as exemplified by this voiume by Professors 
Audrieth and Kleinberg. The price of this book in relation to 
its size and scope of subject matter is, however, unfortunate. 


GEORGE W. WATT 
Tue UNIversity oF Texas 
Austin, Texas 


e ROCKS FOR CHEMISTS 


S. J. Shand, Columbia University, New York. Pitman Publishing 
Corp., New York, 1952. xii + 146 pp. IIustrated. 13.5 x 
21.5 cm. $4.50. 


SILICATE ANALYSIS 


A. W. Groves, Mineral Resources Division, Colonial Geological 
Surveys, Imperial Institute, London. Second edition. Inter- 
science Publishers, Inc., London, 195]. xxiii + 336 pp. Illus. 
trated. 13.5 X 21.5 cm. $5. 


THE increased demand for more chemical data in the earth 
sciences has brought many analytical chemists, as well as physical 
chemists, into the realm of geochemistry. It is thus gratifying to 
find these two books of general interest to such investigators. 

The dual aims of Professor Shand’s book are: (1) “to present 
the study of rocks in a more strongly chemical light than is custe- 
mary in petrographic writings,’ and (2) ‘to convince chemists 
that the problems of rock and mineral genesis offer a rich field for 
research.”” The author is probably somewhat more successful 
in attaining his first goal than his second. 

The book considers rather intensively the igneous minerals 
(106 pages) with sparser helpings of sedimentary (11 pages) and 
metamorphic (19 pages) rocks. This probably reflects more on 
the volume of jiterature in these fields than upon the author's 
interest. The various rock classes are treated in a descriptive 
way from the viewpoint of the chemist with quite generous usage 
of their origin from phase relationships. The presentation is 
quite clear, with Professor Shand’s answering most questions 4 
chemist might raise in an introduction to new material. 

However, the book does not bring into sharp focus the many 


critica 
desiral 
analys 
mist it 
in the 

The 
chemi 
and wi 

Altl 
spectr 
carryi 
that o 
many 
equip! 
indeed 
keepin 


Scri 


nation 
hundre 
of the | 
in this 
survey 
least 2 
analys 
being | 
colorin 

The 
of ope 
only tl 
in the 
the tes 
quanti 
cluded 
acid-bs 
may b 
these s 

Fort 
volum 


220 | 
PRI 
facets 
as cry 
face cl 
mount 
‘of mo 
Never 
| experi 
Dr. 
was n¢ 
covere 
first p 
reager 
tions, 
| metho 
analys 
easily 
| for re 
One 
| 

| Ralph 
Home 
Institut 

1953. 

$4.50. 
Tut 

pages ) 
Labors 
The ce 


ATION 


alogens, 
chapter 
ratures, 
vith the 


ollowed 
rmation 
operties 
ssion of 
ilitarian 
Possible 
ology in 
volume 
it must 
provide 
ferences 
xcellent 
in its 


the re- 
n Acids 
lew and 
cept of 
has no 
stems is 


of most 
Aqueous 
special 


d for its 
ographs 
ofessors 
ation to 
ate. 


WATT 


blishing 
13.5 xX 


ological 
Inter- 
. Tilus- 


re earth 
physical 
fying to 
rs. 
present 
is custo- 
chemists 
field for 
iccessful 


minerals 
zes) and 
more on 
author’s 
scriptive 
us usage 
‘ation is 
stions 4 


ne many 


facets of chemistry that can be applied to the study of rocks, such 
as crystal chemistry, radiochemistry, thermodynamics, and sur- 
face chemistry, as well as analytical chemistry. One of the para- 
mount services performed by the geochemist is the introduction 
of modern chemical thought and tools into the field of geology. 
Nevertheless, a reading of this book will provoke many ideas and 
experiments in the interested chemist. 

Dr. Groves, in the second edition of his book (the first edition 
was not available to the reviewer for comparison), has thoroughly 
covered the classical techniques of silicate rock analysis. The 
first part of the book deals with laboratory equipment, general 
reagents, sampling and crushing techniques, density determina- 
tions, the limits of error of standard rock analysis, the normal 
methods for silicate rocks, special and alternate methods, and 
analyses for specific type minerals. The instructions are both 
easily intelligible and exhaustive. The methods are in boldface 
for ready accessibility. 

One strong point is the extensive treatment of errors and the 
critical analysis of data. The author further emphasizes the 
desirability of the comparison of chemical and mineralogical 
analyses. The complementary roles of the petrologist and che- 
mist in elucidating the origin, relationships, and chemical changes 
in the materials at hand are emphasized. 

The volume contains a chapter on the geochemistry of the 
chemical elements. The presentation, although brief, is terse 
and will be at times helpful in the treatment of unknown samples. 

Although the present trend in silicate analyses is toward the 
spectrographic and special methods of assay, the necessity for 
carrying out the standard procedures assumes an added role, 
that of an independent check on the newer techniques. Since 
many laboratories do not have the expensive and specialized 
equipment that has recently come into vogue, Dr. Groves has 
indeed performed a worth-while service to the geochemist in 
keeping up to date these classical techniques. 


EDWARD D. GOLDBERG 
Scripps INSTITUTION OF OCEANOGRAPHY 
La CALIFORNIA 


@ ELEMENTARY QUANTITATIVE ANALYSIS 


Ralph L. Van Peursem, Head, Department of Chemistry, and 
Homer C. Imes, Professor of Analytical Chemistry, Rochester 
Institute of Technology. McGraw-Hill Book Co., Inc., New York, 
1953. xiii + 383 pp. 37 figs. 25 tables. 15 xX 23 cm. 
$4.50. 


Tuts book is composed of four main parts: Principles (165 
pages), Calculations (41 pages), Experiments (130 pages), 
Laboratory Techniques (24 pages), plus an Appendix (10 pages). 
The contents of this text have been based on the results of a 
national survey of quantitative analysis courses given in several 
hundred educational institutions throughout the country. ‘Most 
of the laboratory exercises and theory topics which were included 
in this test were taught in at least 25 per cent of the courses 
surveyed and no material was omitted which was included in at 
least 20 per cent of the courses.’’ Gravimetric and volumetric 
analyses receive the major emphasis, with instrumental analysis 
being limited to the use of the pH meter, electroanalysis, and 
colorimetry. 

The course taught by the authors is unique in that the teaching 
of operational techniques of quantitative analysis together with 
only the necessary physical and chemical principles is presented 
in the first term, while in the second term the main objective is 
the teaching of the physical and chemical principles involved in 
quantitative analysis. For use in this latter course there are in- 
cluded in this book seven experiments on chemical equilibrium, 
acid-base indicators, and redox potentials. These experiments 
may be readily omitted by those whose courses do not include 
these subjects. ‘ 

Forty-seven laboratory procedures of typical gravimetric and 
volumetric analyses are sufficient to make the book adaptable to 


the demands of most courses. The write-up on each experiment 
includes separate sections on objective, introduction, procedure, 
and sometimes calculation. The objective is usually stated in a 
single sentence bringing to the student’s attention the fact that 
the purpose of the experiment is to illustrate some important 
principle of analysis rather than merely to offer a method of 
analysis for that particular constituent. The purpose of the 
introduction is to familiarize the student with the necessary chem- 
ical background for the determination. The procedures of 
analysis are given concisely with occasional footnotes of explana- 
tion and cross reference to the sections on laboratory techniques. 

In Part II, Calculations, the basic principles of gravimetric 
and volumetric calculations are presented along with a concise 
discussion of the statistical treatment of data. Those problems 
closely related to theory are treated along with the discussion of 
theory in Part I, Principles. There is offered a reasonable num- 
ber of problems at the ends of various sections throughout the 
book. Answers are given for most of the problems. 

The material in this text is well organized and presented in a 
clear, simple, and readily understandable style. It should prove 
to be a very good teaching text. A good job has been done in the 
printing and the book has a pleasing appearance. 


REX J. ROBINSON 
UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 


WAVES AND TIDES 


R. C. H. Russell and Commander D. H. Macmillan, Hydro- 
graphic Surveyor to the Southampton Harbour Board. The 
Philosophical Library, New York, 1953. 100 figs. 17 plates. 
348 pp. 14.5 X 22cm. $6. 


A BOOK about waves and tides, even one intended for “lay 
readers’ as this one is, could easily be loaded down with abstruse 
mathematics, but the mathematics in this book is not beyond 
the comprehension of a bright high-school student, and the text 
is refreshingly lucid. This is actually two books, as the first 
author has written the half on waves, and the second has con- 
fined himself to tides. Mr. Russell’s style is somewhat fresher 
than Commander Macmillan’s, but perhaps this is only because 
the subject of waves is not so complex as that of tides, The illus- 
trations are clear and attractive, although some of the diagrams 
would look better on smoother paper. Each chapter is provided 
with a list of references. The book should be a useful introduc- 
tion for the serious ‘ordinary reader,” including the yachtsman 
or person who owns a house on the beach within the reach of 
wave action, and should also provide instructors of physics with 
some useful and interesting material. 


JOEL W. HEDGPETH 
Scripps OF OCEANOGRAPHY 
La CALIFORNIA % 


® TEMPERATURE MEASUREMENT IN ENGINEERING. 
VOLUME I 


H. Dean Baker, Professor of Mechanical Engineering, Columbia 
University, E. A. Ryder, Consulting Engineer, Pratt & Whitney 
Aircraft Division, United Aircraft Corp., and N. H. Baker, Re- 
search Assistant, Department of Mechanical Engineering, Colum- 
bia University. John Wiley & Sons, Inc., New York, 1953. vii 
+179 pp. 8l figs. 16 X 23.5cm. $3.75. 


Tuts book is a practical one, in the sense that it gives explicit 
directions for the measurement of temperatures in solids using 
thermocouples. The forthcoming volume will deal with tem- 
perature measurement in liquids and gases, at surfaces, in rapidly 
moving objects, in flames, and at very low and very high tem- 
peratures. 

The first four chapters contain information basic to both vol- 
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umes, as temperature concept, methods for measuring tempera- 
ture, precision requirements, and conditions affecting tempera- 
ture measurement. The next eight chapters deal directly with 
the measurement of temperatures in solids using thermocouples. 
All aspects of thermocouple technique are discussed explicitly, as 
thermocouple preparation, circuits, instruments, design calcula- 
tion techniques, installation, drilling holes for mounting, special 
protective materials, cemented installations and temperature 
gradient designs. 

Basic theory is given wherever necessary and this is followed 
by practical and precise instructions for accomplishing the desired 
measurement. 
nique to be used, whether it be forming the thermocouple junc- 
tion, or removing a broken drill from a hole. Ample references 
are given so that the reader can seek either more theory or articles 
describing specific applications of the technique described. 

All chemists and chemical engineers concerned with tempera- 
ture measurement should consult this book to check the method 
they are using against the variety of methods described. New 
techniques and “tricks” will be found here that will make this 
book worth while. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


® INTRODUCTION TO SEMIMICRO QUALITATIVE 
ANALYSIS 


C. H. Sorum, Professor of Chemistry, University of Wisconsin, 
Madison, Wisconsin. Second edition. Prentice-Hall, Inc., New 
York, 1953. ix +198 pp. 6 figs. 3tables. 14.5 X 21.5 om. 
$3.50. 


Tuts book is intended primarily for a one-semester course in 
qualitative analysis for students with only a one-semester course 
in general chemistry. It seems that this book would also be an 
ideal laboratory manual for the third quarter of a comprehensive 
course in general chemistry to supplement a textbook which dis- 
cusses the cations in the latter part of the book. The second 
edition of this book is now out and it has been extensively revised. 

The formulas of the amphoteric Group III ions have been 
changed to make them more consistent with what is known about 
the coordination numbers of these elements. For example, the 
aluminate ion is written Al(OH),~ instead of AlO;~%. 

The enlargement of Chapter II, and especially the short sec- 
tion on the periodic table, are welcome additions to the book, 
since students with only a part of a year of general chemistry 
are often deficient in inorganic chemistry, especially of the metal- 
lic elements. 

Other improvements include provisions for the use of thio- 
acetamide as an alternate source of sulfide ion and the separation 
of copper and cadmium with NaS.0O,. The recently approved 
name for Na2S82O, is, however, sodium dithionite and not sodium 
hyposulfite, 

Cobalt is identified by formation of the blue Co(CNS),-~ 
ion, and zinc is confirmed by precipitation as the ferrocyanide. 

Many other minor changes have been made, improving the 
book and making it more teachable. 


RAY WOODRIFF 


Montana Strate 
Bozeman, MontTANA 


* PHOTOCONDUCTIVITY IN THE ELEMENTS 


Trevor Simpson Moss. Academic Press, Inc., New York, 
1952. x+263pp. 56figs. 17tables. 15 X 22cm. $7. 


Tuts book furnishes a review of recent work on photoconduc- 
tivity and related topics in solid state physics. It includes a con- 
siderable amount of new, unpublished work by the authur. The 


Ample illustrations are used to show the tech- « 
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general theory of energy levels in‘solids in relation to optical and 
electrical properties of conductors, semiconductors, and insula. 
tors is discussed in a rather condensed form in Part I. This part 
includes mathematical deductions of equations necessary for the 
quantitative treatment of the subject, and gives some general ap. 
plications of the theories. 

Most of the detailed applications are treated in Part [J 
(“Experimental methods and results”), which constitutes the 
major part of the book. Detailed results are presented for twelve 
elements (each in a separate chapter) which show photoconductiy- 
ity. There is a final chapter in which the results are summarized 
in tables and generalizations are drawn. An author and a subject 
index are included. 

This book is recommended as a concise account of modern theo- 
retical and experimental results relating to electrical and optica] 
properties of solids. 


A. B. F. DUNCAN 
University or RocHESTER 
Rocuestsr, New York 


* CLAY MINERALOGY 


Ralph E. Grim, Research Professor of Geology, University of 
Illinois. McGraw-Hill Book Co., Inc., New York, 1953. xii + 384 
pp. l2lfigs. 46 tables. 16 X 24cm. $9. 


Tus volume, written by one of the pioneers in the field of clay 
mineralogy, is, as far as this reviewer knows, the first compre- 
hensive text on clays published since the early ’thirties. Con- 
sidering the rapid development in the mineralogy of clays during 
the last twenty years, the clear presentation of the subjects, and 
the critical discussion of the voluminous literature, Dr. Grim’s 
monograph will certainly be greeted with enthusiasm by both 
teachers and research workers. 

Summaries covering parts of the field in question have fairly 
recently been published, e. g., the monograph of the Mineralogical 
Society of Great Britain on X-ray identification and structure of 
the clay minerals (1951). The present text, however, covers a 
wider range, including structure, composition, properties, occur- 
rence, mode of origin, distribution in space and time, stability 
conditions, etc., of clay minerals. The historical development of 
related concepts has been treated in detail, and the divergence in 
present opinions as well as the remaining uncertainty on many 
points is clearly indicated. 

It is of course very difficult to obtain complete freedom from 
formal errors, especially in a work of such a size as this one. One 
of the more disturbing ones is the consistent misspelling of 
Kuenen’s name (page 350). In the chapter on nomenclature of 
clay minerals the reader is told that the name vermiculite is 
derived “...from the Latin, vermiculair, to breed worms.” 
These and other inadvertencies are, however, of minor importance 
in this detailed and objective digest of the knowledge in a field of 
great scientific and technical importance. 


GUSTAF ARRHENIUS 
Scripps INsTiTuTION OF OCEANOGRAPHY 
La Jouua, CALIFORNIA 


* QUALITATIVE ANALYSIS AND ANALYTICAL CHEMI: 
CAL SEPARATIONS 


Philip W. West, Professor of Chemistry, Maurice M. Vick, 
Associate Professor of Chemistry, and Arthur L. LeRosen, 
Late Associate Professor of Chemistry, Louisiana State University. 
The Macmillan Co., New York, 1953. xii + 223 pp. 12 figs. 
14.5 X 21.5 cm. $3.75. 


Tuts book presents a novel scheme of systematic cation analy- 
sis which avoids the use of sulfides, and groups the elements «uite 
differently from the traditional scheme. While hydrochloric 
acid is used to separate silver and mercurous ions, a concentration 
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of hydroxide ion controlled by a benzoate buffer serves to pre- 
cipitate basic compounds of the metais of higher valence. A satu- 
rated solution of sodium fluoride is used to precipitate leathand the 
alkaline earth group, and the final separation is made with sodium 
hydroxide. These separations as well as the more conventional 
identification reactions provide an excellent medium for the teach- 
ing of chemical equilibrium and the authors have shaped the text 
to this end. 

The laboratory section of the text, which follows two brief in- 


iv-™ troductory chapters, includes preliminary tests and group separa- 
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tions of the usual] cations. The anions are treated more briefly. 
The second part of the text develops the fundamental theory logi- 
cally and contains many graphic illustrations from every day 
living that should be helpful to the student. Coordination com- 
plexes are discussed in detail. The authors use a classical ap- 
proach to acid-base theory with rather too brief a mention of 
Bronsted concepts. 

The reviewer feels that the authors have done real service to 
the teaching of qualitative analysis and that the text should be 
challenging to the student and enjoyable for student and teacher. 


LUCY W. PICKETT 


Mount Hotyoxe 
Sovurn HapDLEey, MASSACHUSETTS 


« HUMOUR AND HUMANISM IN CHEMISTRY 


John Read, Professor of Chemistry, University of St. Andrews, 
Scotland. The British Book Centre, Inc., po ork, 1953. xxiii 
+388 pp. 90figs. 15 22cm. $4.50 


AtrHouGH this book was published in 1947 in England, and 
has been known to many ever since, it is now being distributed 
in the United States by the British Book Centre of New York, 
and so a review in an American journal is appropriate. 

This is, in a sense, a continuation of Read’s earlier work, ‘“‘Pre- 
lude to Chemistry,’ and like this book, it is beautifully illus- 
trated. It has, however, a much more personal character. It 
begins, it is true, with a discussion of alchemy, but this is more 
a collection of anecdotes about individual alchemists whose 
lives appealed to the author. As might be expected from his 
position in the University of St. Andrews, there is a strong Scot- 
tish tinge to these anecdotes, as indeed there is to the entire 
book. The story of the flying alchemist and the account of the 
research activities of James IV make absorbing reading. 

The transition from alchemy to chemistry is illustrated by a dis- 
cussion of men whose major activity was teaching, men such as 
Lemery and Boerhaave. In their books and lectures Read 
traces the growth of the scientific spirit and illustrates it again 
with many anecdotes. In the same style the true chemists are 
considered, from Joseph Black down to Alfred Werner. Read 
worked with Werner at Zurich, and so this portion of the book 
is enlivened with many personal reminiscences of student life in 
the Swiss city. 

It is the teaching activities of his subjects that Read continually 
stresses. In this way even such a well-known figure as Liebig 
appears'in a new light. Yet there are many examples of con- 
tributions to the history of chemistry which slip into the dis- 
cussion so easily that the reader hardly realizes the scholarship 
behind the apparently simple style. 

The last two chapters are of a different character. The sec- 
tion entitled ‘(Chemistry reaches the Australian bush”’ is largely 
an account of the chemistry of the essential oils of the eucalyptus 
and other Australian trees and plants. This chapter has little 
. no relation to the rest of the book, and seems distinctly out of 
place. 

The final chapter is a play, written to be performed at the 
centenary celebration of the chair of chemistry at St. Andrews. 
There are a large number of local references which would only 
be understood by an alumnus of that university, and the plot 
is somewhat feeble, but the collection of chemical puns is prob- 
ably the greatest ever to be found in one place. 


There is no doubt that the author enjoyed himself greatly in 
writing this book, and his enthusiasm quickly communicates itself 
tothe reader. Besides the sound historical research, the humor of 
the book as well as the ‘‘Humour” in chemistry which it considers 
will make this work ideal for the leisure hours of every chemist. 


HENRY M. LEICESTER 
oF AND SURGEONS 
San Francisco, CALIFORNIA 


e THE ALKALOIDS: CHEMISTRY AND PHYSIOLOGY. 
VOLUME Ill 


Edited by R. H. F. Manske, Dominion Rubber Research Labora- 
tory, Guelph, Ontario, Canada, and H. L. Holmes, The Carwin 
Company, North Haven, Connecticut. Academic Press, Inc., 
New York, 1953. viii + 422 pp. 16 X 23.5cm. §$ll. 


Tuts is the third volume in a series devoted to a review of the 
chemistry of alkaloids. The two previous volumes have been 
reviewed in THIS JOURNAL (27, 530 (1950); 30, 54(1953)). This 
volume suffers the drawback of all reviews of an active field of 
study: the current literature cannot be reported completely. 
That this drawback has been minimized in this book is evidenced 
by observation that about one-third of the references in the 
chapter on solanum and veratrum alkaloids are as recent as 
1950; about one-third of these are from the 1952 literature. 
There is also an addendum from the 1953 literature. The other 
chapters do not contain so many recent references but are com- 
plete up to 1950. 

Included in this volume are nine chapters: “The chemistry 
of the cinchona alkaloids” (R. B. Turner and R. B. Woodward); 
“Quinoline alkaloids other than those of cinchona”’ (H. T, 
Openshaw, Scotland); ‘Quinazoline alkaloids” (H. T. Open- 
shaw); “Lupin alkaloids’? (Nelson J. Leonard;) ‘“Imidazole 
alkaloids” (A. R. Battersby and H. T. Openshaw); ‘Solanum and 
veratrum alkaloids” (V. Prelog and O. Jeger, Switzerland); 
“‘8-Phenethylamines” (L. Reti, Argentina); ‘‘Ephedra bases” 
(L. Reti); and “Ipecac alkaloids’’ (Maurice-Marie Janot, 
France). 

Each of the chapters is well written and is systematically ar- 
ranged in the style followed in the two earlier volumes. The 
authors, who are obviously familiar with their subjects, present 
a lucid account of the chemistry of the alkaloids they discuss. 
Tables are used to report physical constants, color reactions, etc., 
except in the chapters on cinchona, 6-phenethylamine, and ephe- 
dra bases. Clear structural formulas are used throughout the 
book. 

The chemistry of solanum and veratrum alkaloids is treated 
together because of the close relation of both classes to steroids. 
The chapter on cinchona alkaloids is unusually well written. 
The section in this chapter dealing with stereochemistry will be 
of interest to all organic chemists.. 

Like its predecessors, Volume III of “The' Alkaloids” will be a 
valuable addition to the library of every chemist who is active in 
the fields of alkaloid and heterocyclic chemistry. 


WILLIAM B. COOK 
Bayior UNIVERSITY 
Waco, Texas 


CIBA FOUNDATION COLLOQUIA ON ENDOCRINOL- 
OGY. VOLUME VI: HORMONAL FACTORS IN 
CARBOHYDRATE METABOLISM 


G. E. W. Wolstenholme, General Editor. Little, Brown and 
Co., Boston, 1953. xiv + 350 pp. 94 figs. Tables. 14 xX 
2lcm. $6.75. 


Tuts colloquium met under the chairmanship of Professor C. H. 
Best and was attended by 45 experts assembled from all parts of 
the world. Of these, 24 presented the papers which constitute 
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the present volume. The proceedings are divided into six parts, 
each consisting of from one to six contributions. Each paper has 
its own list of references and is followed by a verbatim reproduc- 
tion of the discussion. 

Part 1 deals with fundamental aspects of the carbohydrate 
metabolism, essentially the pathways involved in breaking down 
the carbohydrate molecule or in synthesizing glycogen. The fol- 
lowing parts are entitled: Hormonal Control of the Interconver- 
sion of Carbohydrate, Protein and Fat; The Influence of the 
Adrenal Cortex on Carbohydrate Metabolism; Hormonal Con- 
trol of the Storage of Glycogen; The Influence of Insulin on Car- 
bohydrate Metabolism; Sex Hormones, Pregnancy and Carbo- 
hydrate Metabolism. The evidence discussed is partly biochemi- 
eal, partly physiological, and in part clinical. In this way a well 
rounded picture is achieved which shows clearly the present 
status of the field. It is a complicated field because of the many 
interlocking regulatory mechanisms and it becomes quite evident 
from reading the present book, that in some facets at least we are 
only at a beginning of a real understanding of the subject. But 
the thought-provoking way in which the authors or the parti- 
cipants in the discussion have presented their findings or ideas 
doubtless will stimulate further research, or actually, as Professor 
Best indicates in his foreword, may already have done so during 
the time elapsed between the colloquium and the printing of the 
book. It can be recommended warmly to biochemists, physiolo- 
gists, endocrinologists, and clinicians. It contains both an author 
and subject index. 


THEODOR VON BRAND 
Nationat Institutes oF HEALTH 
Betuespa, MARYLAND 


* FERROUS ANALYSIS: MODERN PRACTICE AND 
THEORY 


E. C. Pigott, Chief Chemist and Metallurgist, The Central Marine 
Engine Works, West Hartlepool, England. Second edition, 
revised. John Wiley & Sons, Inc., New York, 1953. xxvii + 
690 pp. 65 figs. 34 tables. 15 X 23.5 cm. $12.50. 


Tuis treatise includes a preface and introductory material, 
five major sections, an appendix with four sections, and a sub- 
ject index. 

The introductory section includes a table of atomic weights, 
atomic numbers, and isotopes, based on 1951 data. 

The first major section, I, attempts a broad general classifica- 
tion of analytical methods and mentions briefly colorimetric, 
polarographic, spectrochemical methods, vacuum fusion methods, 
chromatography, the quantometer, spark testing, mechanical 
methods, and magnetic permeability methods. 

Photometric absorptiometry is discussed, without theory, in 
a section of 23 pages. Typical instruments are described and a 
bibliography of methods for 15 alloying elements in steel and 
ferroalloys is given. Only one reference in this section is as 
recent as 1942. Spectrographic procedure is discussed in a ten- 
page section. Organic reagents for gravimetric analysis and 
color-forming reagents are discussed in an eight-page section 
ending with 113 references, none more recent than 1940. 

The second and principal section of the book, II, includes 
pages 61-546. It deals with the following 31 elements arranged 
alphabetically: Al, As, Be, B, C, Ce, Cr, Co, Cu, H, Fe, Pb, 
Mn, Mo, Ni, Nb(Cb), N, O, P, Se, Si, 8, Ta, Te, Sn, Ti, W, 
U, V, Zn, and Zr. The general order under each element is: 
Physical Properties; Extraction (from ores); Ferrous Properties 
(effects in steel); Chemical Properties; Consideration of 
Methods; Determination (procedures); Theory of Methods; 
Bibliography. 

In the main, conventional gravimetric, titrimetric, and 
photometric procedures are given. Vacuum fusion methods for 
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* consist of rather elementary descriptive chemistry with all 
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hydrogen and oxygen are included. Alternative procedures are 
presented for various determinations. In most cases the text 
should be adequate; in photometric procedures instruments 
and filters not in general use in this country are mentioned by 
code names rather than by wave-length region. There are many 
departures from favored methods that are to be found in the 
leading treatises on the subject in this country. 

Bibliographies are given for each element and each type of 
method. These include a selection of articles as recent as 
1947-50 in almost every instance. 

The sections on Chemical Methods and “Theory” in general 
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equations written as molecular processes and in many cases 
first as reactions of oxides, as for example: 


5Bi,0; + 4MnO — 2Mn.0; + 5Bi,0; 


followed by: 


5NaBiO; + 2Mn(NO;), + 14HNO; > 2NaMnQ, + 
3NaNO; + 5Bi(NO;); + 7H.0 


The possible existence of ions seems to be rather grudgingly 
admitted on page 664 in a glossary in the appendix under the 
heading “‘ionic hypothesis.”’ 

Some of the general chemistry is unsound. For example, it is 
stated on page 139 that the ignition of cerous fluoride produces 
ceric oxide and elemental fluorine. The peroxy compounds of 
chromium are discussed as having chromium in oxidation state 
higher than 6 (page 146). Cuprous nitrite is shown in an equa- 
tion on page 184 to yield cupric nitrate, nitrous acid, and nascent 
hydrogen when treated with nitric acid. Errors of this sort are 
rather frequent. The equations that are given under the de- 
terminations serve to give a correct idea of the material balance, 
Much of the descriptive general chemistry is very elementary 
and not essential for the average analytical worker. 

Section III deals with microchemical methods. Details are 
given for carbon, hydrogen, and sulfur by combustion methods, 
and for manganese, nickel, phosphorus, chromium, and molyb- 
denum by photometric methods. Spot testing, microscopic 
examination, and contact print methods are considered briefly, 
as are also polarographic methods. Bibliographies are given for 
all of these methods. 

In section IV, pages 578-608, there are given brief procedures 
for the analysis of ferroalloys, iron ores, aluminum metal, and 
aluminum alloys, brasses, and bronzes. 

The concluding section, V, pages 610-38, covers in brief fash- 
ion the analysis of refractories, lime and limestone, chrome- 
magnesia brick, and foundry sands. 

Appendix I lists, with reference to pages in the text, the rapid 
chemical procedures that are most suitable for ferrous bath 
samples. 

Appendix II surveys literature sources such as available refer- F* 
ence works, journals, books, and papers covering the several 
elements, and contains a collection of references to photometric, 
microchemical, polarographic, spectrographic, and miscellaneous §* 
methods that apply specifically to steel analysis. 

Appendix III lists British Standard Samples in the steel and 
alloy fields. 

Appendix IV is a brief glossary of terms ranging from acid to 
valency. 

The subject index appears to be reasonably complete. The 
typography is good and relatively few errors resulting from 
oversight during proofreading were noted. The 65 illustrations 
are in the main adequate, with the exception of two photographic 
reproductions of simple glass apparatus (Figures 44 and 65) 
that are dark and hard to make out. 


N. H. FURMAN 


Princeton UNIVERSITY 
Princeton, NEw JERSEY 
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A new, manually operated recorder 
Densigraph) for rapid photometric anal- 
is of light-absorbing materials on dry 
per strips as obtained in electrophoresis 
hd chromatography, has been developed 
» the Arthur H. Thomas Co., 230 South 
h St., P. O. Box 779, Philadelphia 5, Pa. 
The Densigraph determines the light 
ansmission and lineal separation of 
kined areas on the paper strips, and 
nultaneously combines the usual opera- 
pns of scanning, indicating, and record- 
g to provide a continuous ink tracing on 
aph paper to indicate p rcentage light 


+ 7H;0 


idgingly 
nder the 


ansmission. Recording i complished 
unds of @ 2" ink-writing pen whici. 1s manually 
on state ive in conjunction with the deflection 


the meter pointer. 
The Densigraph is designed especially 
r use in clinical techniques, but is also 


an equa- 
1 nascent 


= 4 eful for studies with other materials 
balance ving similar electromigratory charac- 
mentary stics. 


tile Glass Lathe 


A new type of glass lathe has been de- 
loped that meets an unusually broad 
nge of glassworking requirements in the 
oratory and general industry. 
This machine, known as the Bethlehem 
nb-Lathe and manufactured by the 
pthlehem Apparatus Co., Inc., Heller- 
wn, Pennsylvania, is the first of its kind 
signed for specialized glass work in the 
oratory and certain types of production 
erations. It can be used to make ring 
als, tees, flanges, tapers, glass fusings, 
che rapid [P* res, and a variety of repairs. 
nia tah A unique sleeve-grip chuck permits 
ick set-ups of practically all forms of 
ble refer- APS work without elaborate accessories. 
» several Ming of any length up to 100 mm. di- 
tometric, gece can be mounted through the 
ollancous ndle. Extension bars grip a variety of 
hss shapes in sizes up to 12-in. diameter 
steel and th eccentric settings made as required. 
> _ can be adapted for use as a verti- 
lathe, 
a wie? Additional data and specifications may 
te. The by writing the manufacturer. 
ing {rol Bimmer Course in Instrumental 
stration’ Fhemical Analysis at M. I. T. 
Lographic "TT? 
and 65)-¥° special summer programs in in- 
mental chemical analysis, to enable 
emists in industry and government labo- 
JRMAN ffories to study the application of new 
trumental techniques and methods in 
p field of applied analytical chemistry, 
l be given during the 1954 Summer Ses- 
at the Massachusetts Institute of 
hnology. 
he first program, from August 16 to 20, 
be devoted to electrical methods of 
mental chemical analysis; the sec- 
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ond, from August 23 to 27, will deal with 
optical methods of instrumental chemical 
analysis. The two one-week programs 
are designed to provide, for both electrical 
and optical methods, an adequate back- 
ground in the fundamental principles and 
theory involved, understanding of rep- 
resentative practical applications, and 
demonstrations of typical instruments. 

The program in the electrical methods 
will emphasize polarography, potentiom- 
etry, conductimetry (audio- and radio- 
frequency), amperometric titrations, auto- 


matic titration methods, and applications 
of thermistors and self-balancing recording 
potentiometers. A discussion of the prin- 
ciples of nonaqueous titrimetry is in- 
cluded. 

The second program, in optical methods 
of instrumental analysis, will cover spec- 
trophotometry, colorimetry, fluor'metry, 
turbidimetry, nephelometry, photometric 
titrations, reflectance techniques, and 
flame photometry. 

Tuition for each of the one-week pro- 
grams will be $100. Further information 
and application blanks are available from 
the Summer Session Office, Room 7-103, 
Massachusetts Institute of Technology, 
Cambridge 39, Mass. 


Chemi-Lume Light 

The Varniton Company, 416 North 
Varney Street, Burbank, California now 
offers a soluble paste form of Chemi- 
Lume Light, an _ entertaining and 
educational science set for children 
and adults. Its demonstration of chemi- 


IT COSTS SO LITTLE TO 


Sofequand purity 


Percentage-wise, yes, and dollar-wise, 
too, the money any laboratory spends 
for laboratory tubing amounts to little. 
But the cost of using inferior quality 
tubing can be extremely high. Contam- 
ination of a single solution might cost 
more than a year’s supply of tubing. 


That's basically why laboratories the 
world over use Tygon plastic tubing — 
insist on Tygon — refuse to accept tub- 
ing sold as “just as good as Tygon.” For 
laboratory technicians know Tygon is 
the one tubing completely “neutral” — 
neither affecting nor being affected by 
virtually any solution they might use. 


Add to this outstanding and proven 
quality: Glass-clearness, string-like flex- 
ibility, unmatched coupling ease, and 
an availability in a range of sizes to 
meet every need — and it’s easy to see 
why TYGON is the accepted standard 
of laboratories everywhere. 


ASK FOR—INSIST ON—-TYGON 


Its Branded, 


at your favorite laboratory 
supply house 
or Write direct to U. S. Stoneware « Akron 9, Ohio 
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ELECTRO-ANALYSIS APPARATUS 


Sturdy, versatile, attractive—this Eberbach Electro- 
Analysis Apparatus has the rugged construction 
needed for continuous duty and the versatility re- 
quired for*research. Ammeter, voltmeter, polarity 
reversing switch and power control knob are provided 
for each position. Front is stainless.steel; sides are 
cast aluminum finished black. Operates from 115 
or 230 volt, 60 cycle AC. Unit measures 29'/,” by 
14'/,” by 16'/.” deep. Ask for Bulletin 130-H on 
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Eberbach Electro-Analysis Apparatus. 


ANN ARBOR, MICH.. 
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E-APPARATUS 
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Indispensable 
for the future... 


SCIENCE CREATED INDUSTRY 


Industry, In Turn, Is Now The 
Mainstay Of Science 


The workshop for scientific discoveries is an invest- 
ment for the future. 

Indispensable for the future is insurance that today’s 
capital investment will give you the greatest returns 
in accomplishment and production. 

STEELAB laboratory furniture, planned, designed 
and constructed to provide every advantage of rugged- 
ness and long life, at minimum cost, will go a long way 
toward guaranteeing that future. 

Over 45,000 installations attest the demand for 
STEELAB furniture in the fields of industry, educa- 
tion, medicine, government and research. 


Agents in principal cities 


Send for your REVISED edition of 
the STEELAB catalog. . ... 
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LABORATORY FURNITURE 


COMPANY, INC. 
MINEOLA, LONG ISLAND, N. Y. 
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minescence is based on the oxidation of 
aminophthalhydrazide with a mild oxi- 
ing agent. 
The light produced in the dark resem- 
es that produced by the firefly, deep sea 
sh, or glowworm. While the demonstra- 
on is nonhazardous in that no odor or 
»me is formed, care should be taken, 
nce the pastes contain about 2.4 per 
nt sodium hydroxide. 
Set No. V-31P contains prepared pastes 
three colors, blue, green, and orchid. 
bt No. V-31 contains all the materials 
hd directions for making the pastes. 
ree per cent hydrogen peroxide, not 
cluded in the sets, is recommended as 
e oxidizing agent. 


Extractor 


The National Research Corp. is now 
fering a complete brochure describing 
e NRC Mix-and-Settle Extractor. It 
s these features: although gross flow 
the two-liquid phases is, of course, 
unter-current through the column, the 
bw is co-current after mixing and during 
ttling on each stage; the intensity of 
e mixing of the two phases is independ- 
t of throughput and can be controlled 
hd varied at will; and theoretical equi- 
brium can be obtained on each stage and 
mples of each phase can be taken from 
hstage. Assembled by stacking special 
stings one on top of another, as many as 
) stages can be assembled in one com- 
t unit. The height of the main body 
a 20-stage extractor, for example, is 
hly 36 inches. The throughput to hold- 
p ratio is high. 
The brochure is available from Depart- 
ent M, National Research Corporation, 
) Memorial Drive, Cambridge 42, 
assachusetts. 


tional Safety Council Data Sheets 


The National Safety Council has re- 
ntly published four new Data Sheets 
the chemical field. Titles are ‘“Xylene 
d Toluene,” “The Oxides of Nitrogen,” 
The Acid Plant,’’ and “Amyl Acetate.” 
ngle copies will be furnished on request 
the National Safety Council, 425 N. 
ichigan Ave., Chicago 11, Illinois. 


tion Abstracts 


Dissertation Abstracts, published by 
niversity Microfilms, Ann Arbor, Michi- 
an, six times a year ($6 per year, $1.50 
pr issue) abstracts the doctoral disserta- 
ons of 43 cooperating universities. The 
blisher can also furnish any of the com- 
ete dissertations in microfilm. Indexes 
e available. 


tula 


A familiar laboratory tool, the spatula, 
as been combined with a midget vibra- 
on motor to speed up and add accuracy 
D laboratory weighings. With it parti- 
es can be dropped singly, in a steady 
eam, or in rapid bursts onto the weigh- 
g scoop of paper. The motor is about 
he size of an electric razor and vibrates 
stainless-steel spatula 60 times a second. 
buses 115-volt 50-60 cycle a. c. 

In use, the Vibro-Spatula is balanced 
m the fingers as easily as any spatula, 
pooped into the sample, and held over 
he pan; the power is turned on with a 


finger-tap of the pushbutton switch. At 
the end of the dispensing a few taps of 
the instantaneously acting button will 
vibrate the last few crystals or grains 
into the pan. Loosely bound aggregates 
of crystals can be broken up with the 
Vibro-Spatula. 

Information may be obtained from the 
manufacturer, Fisher Scientific Co., 717 
Forbes St., Pittsburgh 19, Pennsylvania. 


A new, pocket-size card which carries 
emission spectra for 36 of the most typical 
elements determinable by modern flame 
spectrophotometry has been made avail- 
able by Beckman Instruments, Inc., 
South Pasadena, Calif. 

The card is designed as a handy refer- 


ence for the flame analyst and for chemists 
interested in this new analytical technique. 
Emission lines are superimposed on a full- 
color spectrum from 300 to 900 milli- 
microns. 

Copies can be obtained by writing to 
Beckman Instruments, Inc., South Pasa- 
dena 1, California. Refer to FC-36. 


New Literature 


@ Sodium dispersions, their properties, 
preparation, and industrial application, 
are reviewed in a new 30-page booklet 
just released by U. S. Industrial Chemi- 
cals Co., 120 Broadway, New York 5, 
New York. This booklet is offered as the 
first step in acquainting those interested 
with all the information that has been 
assembled thus far on the subject. It 
reviews developments over the past three 
years, and enlarges upon the first technical 


@ Back of every piece of Kewaunee 
Equipment is nearly 50 years of con- 
stant advance in design, construction 
and working convenience that has kept 
pace with the progress of Industries, 
Hospitals and Educational Institutions. 


@ And when it comes to Tables, Sinks 
and other Laboratory pieces requiring 
. “Tops” defiantly resistant to acids, 
alkalies, solvents, heat and abrasion 
—KemROCK steps into the picture as 
one of Kewaunee’s “Top” salesmen. 
For example, back in 1941 Wyandotte 
Chemicals Corporation first ordered 


New Research Building of Wyandotte 
Chemicals Corporation, Wyandotte, 
Michigan. 

One _of Wryandotte's 


Tops. 


Kewaunee Equipment with these 
“Toughest of all Tops.”’ Now after 12 
years of experience, Wyandotte again 
specifies “‘Kewaunee with KemROCK 
Tops”’ for their modern Research 
Building. 


@ KemROCK is an exclusive Kewau- 
nee product made from natural stone 
(free from veins and seams)—impreg- 
nated and coated with a synthetic resin 
—then baked. It is jet-black—takes a 
high polish and adds much beauty as 
well as amazing extra service to Lab- 
oratory pieces. 


New Free Folder on KemROCK 
sent on request. Remember, too, that Kewaunee field ae 308 are 
available to you without cost or obligation. 


‘ 
Manufacturers of Wood and Metal 
Laboratory Equipment 


Representatives in Principal Cities 
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A New and Useful 
Technique! 


A Line-Formula 
Chemical Notation 


WILLIAM J. WISWESSER 


Here is a new technique for handling 
data about chemical compounds. By the 
use of this chemical notation even compli- 
cated chemical structures may be expressed 
concisely and without ambiguity in a single 
line of letters, numbers, and punctuation 
marks. It provides a way of indexing 
chemical compounds and prevents con- 
fusion in chemical nomenclature. 


April, 1954 128 pages 5% X 83% $2.00 


Crowell Chemistry 
Texts and Manuals 


BABOR: 

Basic College Chemistry, Second Edition 

1953 766 pages 150 figures $5.00 
BABOR & LEHRMAN: 

General College Chemistry, Third Edi- 

1951 800 pages 166 figures $5.50 
BABOR & LEHRMAN: 

Introductory College Chemistry, Second 

iti 

1950 814 pages 177 figures $5.00 
BABOR & LEHRMAN; 

ee Studies in College Chemis- 


1962 227 pages 54 figures $2.50 


BABOR & LEHRMAN: 
= Experiments in College Chem- 


1953 125 pages 34 figures $1.50 


HENDERSON: 
Experimental Studies in Basic College 
Chemistry 
1951 246 pages 50 figures $2.50 
NECKERS, ABBOTT & VAN LENTE: 


Experimental General Chemistry, Sec- 
ond Edition 
1949 307 pages 33 illustrations $2.50 


NECHAMKIN: 
Laboratory Problems in General Chem- 


istry 
1953 271 pages 19 figures $2.50 


THOMAS Y. CROWELL COMPANY 
432 Fourth Avenue New York 16, N. Y. 
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The inher- 
ent speed 
and accuracy of 
these balances make 
them highly suitable for 
use in filling operation 
involving ampoules, cap- 
sules or powders and 

for weighing materials 
subject to atmos- j water 
pheric deteriora- ins man 
tion. The sensi- trent pha 
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oscillation of the read- elopment 
ing hand together with 3 
the elimination of par- mny oth 


allax errors and the absence of axle friction per- fustry in 


mits exceptionally good reproducibility. + he 
Advanced design does away with point bearings or Pé Co., ] 
similar parts easily damaged ew York 

MODEL C $198.00 A new 
Cat. No. 12203 
0-500 mg., maz. load 2000 mg. (with attachment weighls) 
Value of 1 scale division at 0-500 mg. is 1 mg. (Other fy specif 


Models available up to a capacity of 22 grams with scale di- Born four. 
vision values ranging from 0.002 mg. to 0.02 gr.) orders as 


Accessories are available for special purposes; i.e. measuring sur- * 150 
face tension, determining specific gravities, blood analyses. 
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bulletin on sodium dispersions presented 
» the industry in 1950 by National Dis- 
jJlers Chemical Company. 


The new booklet includes convenient. 


chniques for preparing sodium disper- 
ions, diagrams of equipment used in 
preparation, dispersions formulations with 
ables, typical methods for using formu- 
ations, illustrations of sodium prepara- 
ion and shipment, and sodium dispersion 
preparation and handling. It also in- 
Judes sections on handling procedures, 
pnalysis of sodium dispersions, availa- 
bility, and bibliography. 


Electronic computing facilities avail- 
ble to help solve problems of business 
nd industry at Armour Research Founda- 
ion of Illinois Institute of Technology, 
hicago, are described in a new booklet 
bhublished by the Foundation. Entitled 
‘Computer Center,” the booklet describes 
nalogue and digital computing equip- 
ment operated by the Center and lists 
peneral types of problems it can handle. 
The Computer Center is a facility for 
‘lving problems where manual com- 
butation techniques cannot be applied. 
‘pies of the brochure are available 
rom the Computer Center, Armour Re- 
earch Foundation of Illinois Institute 
if Technology, Technology Center, Chi- 
ago 16, Illinois. 


The Aslib ‘Index to Theses Accepted 
or Higher Degrees in the Universities 
bf Great Britain and Ireland,” Volume I, 
950-51, edited by P. D. Record, is now 
vailable from Aslib, 4 Palace Gate, 
london, W. 8, England. 


A new 36-page booklet, “Rubber, A 
tory of Romance and Science,” has been 
prepared by United States Rubber Co. 
or use in schools and distribution to other 
nterested persons. The booklet con- 
ains many photographs showing the dif- 
erent phases of the rubber industry. It 
overs the history of rubber, the natural 
bber plantations of the Far East, de- 
elopment and manufacture of synthetic 
bber, advances made through scien- 
ific research, principal uses of rubber, and 
nany other facts about the rubber in- 
ustry in the United States. The book- 
pt is being distributed by the public 
lations department, United States Rub- 
er Co., 1280 Avenue of the Americas, 
New York 20, N. Y. 


A new 38-page catalogue which de- 
tribes Sanborn oscillographic recording 
stems and accessories has just been 
leased. Illustrations, technical data 
nd specifications are included for San- 
om four-, two-, and one-channel re- 
orders as well as for the highly versatile 
ew “150” series system. The new cata- 
gue may be obtained without obligation 
Vy writing to Sanborn Co., Industrial 
ivision, 195 Massachusetts Ave., Cam- 
ridge 39, Mass. 


Barnstead Still & Sterilizer Co., has 
mhounced the publication of a new 20- 
ge catalogue which describes the firm’s 
itire line of mixed-bed, two-bed, and 
mr-bed demineralizers for laboratory, 
spital, and industrial use. 

new publication, which contains 
ny photographs, drawings, and dia- 
Ams, explains in detail the principles, 
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Watt,- Governor Speed Controlled 


LONG LIFE—QUIET OPERATION 


SPARKLESS 

Induction Motor Eliminates 
the Explosion Hazard from 
Brush Contacts. 


* Delicately Adjustable 
Speed Range: 
(200 to 1,400 R.P.M.) 


* Speed Stabilized by a Watt Governor — 
Eliminates Rheostats, Gears, or 
Friction-Drive Disks. 

¢ Thrust Ball Bearings Insure Long Life 
under Continuous Running. 


¢ Uniform Power Output. No. 5230 


No. 5230. NON-SPARKING MOTOR STIRRER. 
60-cycle, 110-volt A.C. Circuit. Each $43,50 


No. 5230A. Similar to No. 5230 but for 220-volt, 60 cycle A.C. circuit. A “stepdown” 
transformer from 220 to 110 volts is provided in the line. Each $54.75 


W. WELGR MANUFACTURING COMPANY 
———-ESTABLISHED 1680 


Filter Papers 
have earned their degrees 


E & D papers don't own PhD's, 
but they do have degrees of 
filtration, clarity and rapidity. 
More than 60 grades are 
regularly made for labora- 
tory and industry. 

E & D papers have been going 
to school since 1890. Quite a 
record. And they are made by 
the only company in America 
exclusively devoted to the 
manufacture of filter paper 


Write for free samples. 


SINCE 1890 


THE EATON-DIKEMAN CO. 


MOUNT HOLLY SPRINGS, PA. 
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Important college texts 


ESSENTIALS OF CHEMISTRY 


Alfred B. Garrett 
Joseph F. Haskins 
Harry H. Sisler 


all at 
Ohio State University 


“A mature presentation of chemistry 
for non-science majors.” Its abundance of 
applications and illustrations and its readable 
style make the study of chemistry appealing to 
students. At the same time it is of sufficient 
rigor to satisfy exacting standards. 


The accompanying laboratory manual 
teaches principles, develops techniques, and has 
at least one experiment plus exercises for each 
chapter. 


THE ESSENTIALS OF ORGANIC 
CHEMISTRY, REVISED EDITION 


C. W. Porter 
T. D. Stewart 


U. of California, Berkeley 


This text is designed for students who 
need a brief but thorough introduction to or- 
ganicchemistry. Because of precision of treat- 
ment and language, the text also prepares the 
able student for further work in the field. 


The revised edition is completely up to 
date in its use of current terminology. New 
topics which are under investigation have been 
introduced in an elementary form. 


Home Office 
Boston 


Sales Offices 


New York 11 
Chicago 16 
Atlanta 3 
Dallas 
Columbus 16 
San Francisco 3 
Torontc 7 


TEXTBOOKS OF 
DISTINCTION 


CALORIMETER] 
ACCESSORIES}: 


ducing 
HAVE MANY LABORATORY USES ail 
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THERMOMETER J 
READING LENS 


installatio 

A 3-power magnifier in a 
telescopic mounting, 
Easily clamped on any ff stead Stil 
thermometer or burette | 


of 6 to 16 mm. diameter, aes 
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PELLET PRESS ™+*? 


sions and 
A convenient hand-oper- I 
yp, ated press with stainless 
VY) steel punch and die for B prices of 
compressing powdered 

an 

materials into 1/,” dia, supplied ia 
pellets up to 14” thick. 
Special 14” dia. punch ff¢ Labora 
and die available also, J 2uipmen 
logue cove 
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items. I] 
are the be 
units, plu 


TURBIDIMETERT” 


types of 
A visual extinction type 
turbidimeter used mainly "754 
for rapid sulfur and sul- fIllinois. 

fate determinations. Stur- 
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construction, and operation of both mixed- 
bed and multibed demineralizers, ranging 
in capacity from 5-gallon-per-hour labora- 
tory units to industrial installations pro- 
ducing 2500 gallons per hour. It gives 
dimensional and performance data on all 
models and explains the difference be- 
tween distilled and demineralized water, 
considerations affecting selection of proper 
equipment for a given job, and the actual 
installation and operation of Barnstead 
Demineralizers. 

The new catalog, #127, may be ob- 
tained without charge by writing to Barn- 
stead Still & Sterilizer Co., 108 Lanesville 
Terrace, Forest Hills, Boston 31, Massa- 
chusetts. 


@ Bulletin 53-1 on precision bore stirrers 
and tubing, is now available from the 
Wilmad Glass Company, Landisville, 
New Jersey. 

The 4-page, .2-color bulletin lists dimen- 
sions and prices for the complete line of 
Wilmad precision bore stirrers and their 
interchangeable parts. Also included is a 
listing of the various styles, sizes, and 
prices of Wilmad precision bore tubing. 
Stirrers are manufactured of Pyrex brand 
glass and Wilmad precision bore tubing is 
supplied in Pyrex and Vycor. 


@ Laboratory Furniture and Utility 
Equipment is the title of a 24-page cata- 
logue covering the newest developments in 
laboratory furniture and utility equipment 
items. Illustrated and described in detail 
are the basic sink, cupboard, and drawer 
units, plus laboratory chairs of all types, 
stools, desks, shelving units, numerous 
types of storage cabinets, carts, ladders, 
and many other space and time saving 
items. Available from Schaar and Com- 
pany, 754 W. Lexington St., Chicago 7, 


Illinois. 


@ A 36-page catalogue of Hydrometers 
and Thermometers has just been pub- 
lished by the Emil Greiner Co., 20-26 
North Moore St., New York 13, New 
York. 

This catalogue, which may be obtained 
free of charge, features nearly 1000 models 
all made in accordance with requirements 
of the National Bureau of Standards, 
AS.T.M., A.P.I., and other official sources 
of standard specifications. 


@ Precision Scientific Company, 3737 W- 
Cortland St., Chicago 47, Illinois, has 
published ‘Bulletin #646” on its rede- 
signed ‘“‘Time-It” Electric Stopwatch, the 
timer most recommended for radio- 
activity counting systems in atomic lab- 
oratories, in addition to its conventional 
use as an accurate, split-second timer in 
other research work. The new bulletin 
fully describes both the Minute Model 
and Second Model “Time-Its,” with 
illustrations to explain the unique indicat- 
ig counter. A free copy of ‘Bulletin 
646” will be mailed on request. 


® Bibliographic Bulletin No. 7 entitled 
bein” by Dorothy M. Rathman has just 
Men published and is available free on 
equest from Mellon Institute, 4400 Fifth 
ve., Pittsburgh 13, Pa. 


THE ORIGIVAL AND THE BEST 


Glass Stirrer 


OFTEN IMITATED 
NEVER EQUALLED 
The Moat tr the US, Today 


THE STANDARD SINCE /940 


Imitation may be the sincerest flattery —— but 
You are entitled to the Ace Trubore Stirrer. 


The Exclusive Ace Process pro- 
vides the closest of rod and bear- 
ing tolerances—unmatched pre- 
cision. Accurate tests show an 
average leak rate of but 6.4mm. 
Hg/min. (unlubricated) at 760 
mm.Hg/min. differential pressure. 
For lubricated stirrers, leakage 
is less than 0.05mm. Hg/min. for 
the same pressure differential. 


Ace Trubore Stirrers are made in 
various styles to meet unusual 
needs, such as a unit which per- 
mits the inert gas to be fed into 
and over the contents of the flask 
while stirrer is in motion. This 
same unit is also adapted to gas- 
liquid or liquid-solid reactions. 
All bearings and rods of Ace Tru- 
bore Stirrers are fully inter- 
changeable. 


ACE Trubore Stirrer Rods and bearing are stocked in a complete 
range of standard taper joints, and ACE standard interchangeable 
spherical joints. 


Blades are available in TEFLON or Glass 
When it comes to stirrers, don’t be satisfied with less than the 


Original and Genuine ACE TRUBORE Stirrer . . . the finest... the 
most widely used ... the most versatile .. . and truly economical. 


You Can ‘‘Always Rely on Ace”’ 
Write DEP’T “TS-C” for Detailed Brochure 


ACE GLASS ® INCORPORATED 
VINELAND NEW JERSEY 
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No one would ever dream of asking each member of a surgical team to name the 
medical school he attended. If anyone ever should, he’d probably find that no two 
of these skilled, highly-trained men had been graduated from the same institution. 
To Americans everywhere, the name or location of a physician’s or surgeon’s medical 
school doesn’t make the slightest difference. That’s because we have only one 
nation-wide “quality” of medical education. And it’s the best in the world. 


You see, each of our accredited medical schools lives up to the high principles 
established by the Council of Medical Education of the American Medical 
Association, whether it’s in Connecticut or California. The standards of medical 
training are truly national, applying to every school and every doctor. Any threat 
to those standards is a threat to the future health and safety of your family, your 
business, your community, your country. 


Together the nation’s 79 medical schools make up a great national resource— 
like the Red Cross, the Community Chest and other vital public services. 


Today, the very basis on which their high standards rest is threatened. Lack of funds 
menaces the teaching and research programs of all the schools. Thus the problem 
is national, and can only be solved on a national basis, if an adequate supply of well- 
trained doctors, surgeons and medical technicians is to be assured. Find out what 
your firm’s stake in medical education is. Write for details and learn how you can help. 


all-american team 


FACTS YOU SHOULD KNOW ABOUT MEDICAL EDUCATION 


e There are only 79 accredited medical schools in the United States. 

e They train 82,000 undergraduates, specialists and technicians and 
graduate 6,500 doctors annually. 

e It costs from $10,000 to $12,000 to train a doctor today. 

e Tuition fees, raised 84% over 1940, cover about 20% of cost. 

e In the past decade medical teaching budgets have risen 143%; 
administration and plant operation 150%. 

e The medical schools need $10,000,000 annually in additional in- 
come to maintain present standards and train the necessary number 
of doctors required for America’s growing population. 

e ALL 79 medical schools can be aided by a single gift to the National 
Fund for Medical Education. 

e Contributions are distributed through annual grants according to 4 

NATIONAL FUND FOR MEDICAL EDUCATION schedule approved by the medical schools. 

e The National Fund is a voluntary, non-profit organization af 
proved and supported by the American Medical Association and 
the Association of American Medical Colleges. 


For complete facts on the crisis facing medical education write to 


The National Fund for Medical Education, . | VE 
2 West 46 Street, New York 36, New York 
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Needle Valve Buret 
complete (to deliver 50 
ml.) ea. 


Case of 6,percase 45.00 
G 3117A Precision Bore Buret 
3.25 


Tube, only ea. 


G 3117V Needle Valve Assembly, 
including glass tip 
ea. 


) NEW YORK 13, N.Y. 


4.95 


a new Needle Valve Buret, an exclusive Emil 
Greiner design, marks the most significant development 
in buret history. Now for the first time ever you have 
fine needle valve control of liquid flow instead of crude, 
annoying stopcock manipulation. This means you can 
work faster, more accurately, and eliminate stopcock 
grease contamination. 

The new needle valve is constructed of glass and 
plastic; liquid comes in contact with only glass and 
tefion. Other plastic parts, not in contact with liquid, are 
made of Hysol which is resistant to acid, alkalis, salt, 
and nearly all organic liquids. 

The Buret tube is made from precision bore pyrex 
tubing accurately calibrated to Bureau of Standard tol- 
erances,and a new process for producing a permanent 
fused-in ceramic scale insures permanent linearity. 


DETAILS OF CONSTRUCTION 


The needle valve consists of a teflon body, T, which is cross- 
drilled with two intersecting holes. One of the holes which 
does not extend completely through contains a precision 
ground glass needle, N, which serves to regulate the flow of 
liquid. The self-lubricating nature of the teflon permits a 
pressure tight seal to be made between the body and the 
needle without contaminating grease or gaskets. The needle 
is securely held and guided by the stem holder, S, which 
screws into the handwheel, H. A bearing nut, B, guides the 
stem holder and needle assembly in and out of the teflon 
body. The precision bore buret tube, A, fits over an accur- 
ately machined projection of the valve body to give a tight 
seal, again without contaminating grease or gaskets. The 
glass buret tip, C, is firmly attached to the valve body by the 
retainer nut, R. The buret tip is adjusted to 120 seconds flow 
time according to Bureau of Standards specifications. 


{stopcock adjustments! fj 
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20-26 N. MOORE STREET 


HOW MUCH 


heat 


DO YOU NEED? 


Gas is used in the laboratory for all kinds of 
heating, from micro-fusions of a few crystals of 
unknown precipitate to U-bends in 25 mm 
tubing. (And let’s not forget the beaker of morn- 
ing coffee! ) 

For general purposes, the patented Fisher 
Burner is the most useful and efficient gas-burn- 
ing unit the laboratory can have, but for special 
applications the Fisher Catalog lists and de- 
scribes forty-seven burners, each with different 
characteristics and special features. 

Why not select the apparatus that’s best suited 
for your individual needs? Whether it’s burners 
or thermometers, spatulas, stoppers or highly 
specialized instruments... 


is your 
Fisher Catalog 


FISHER SCIENTIFIC 


PITTSBURGH (19) NEW YORK (14) ST.LOUIS (18) 
717 Forbes St. 635 Greenwich St, 2850 S. Jefferson Ave. 


MONTREAL (3) WASHINGTON TORONTO (8) 
904 St. James St. 7722 Woodbury Dr. 245 Carlaw Ave. 
Silver Spring, Md. 


America’s Largest Manutactorer-Distribster of Laboratory Appliances and Reagent Chemicals 
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